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THE PLANETS AND THEIR ATMOSPHERES 


By Dr. WALTER S. ADAMS 


IRECTOR, MOU> Oo OBSERVATORY 


THROUGHOUT the years since primitive 
man first raised his eyes to the heavens 
and saw the evening star the planets, 
‘alled by the Greeks the wandering 
stars, have held remarkable interest for 
the human mind 

Apart from their beauty, the mystery 

their motions and of their changing 
brightness has made a constant appeal 
through the centuries to man’s curiosity 
and love of discovery. After Copernicus 
and Galileo the knowledge of the rela 
tionship of the planets to our earth as 
common children of the sun, with a simi 
lar history, and the prospect of a similar 
fate, has continued to stir the imagina 
tion, 

So it is by no means strange that the 
planets have figured so greatly in poetry 
and literature, nor even that among the 
absurdities of astrology we find crude 
expression of the permanent interest at 
taching to the members of our solar 
family. 

In recent years with the growth in our 
knowledge of the universes of stars it is 
with something of the feeling of a trav 


‘ler returning to his home after a long 


journey that we turn back from the ap 
palling distances and loneliness of space 
to the narrow limits governed by our 
sun. In much the same way we can pic 
ture Columbus counting the ships in the 
harbor of Lisbon after his lonely months 
upon the Atlantic 
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ind ¢ sé i] l CS ) 
nas natul \ di l ! 
ward their } s i i S ~ 
mstitu ! ‘ il St g I 
was that l ns al 
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morning and an ening s ! l 
glimpses \Mereury, now 01 ! 
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and the strange n ns 
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the stars n stop al I 
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| 
When the teles pe al d accurate n 
ods of measurement were developed 
rapidly gained a knowledg: 
tances, Their sizes, Masses and torms 
our knowledge of the individual pla 
considered as astronomical bodies is ve 
complete Natura \ Tne ade 
curacy varies with different planet 


The mass of Mereury is uncertain w 


a considerable range, and in the case 
Pluto we ean d ittle m 

probable mits for 1tS size and ma 
based Ipon ¢ nsiderations lt prightine 
and the disturbances it pr 

motions of other planets out in gens 
our facts regarding the planets 


whole are very re iable 
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DIFFICULTIES AFFECTING STUDY as a mirror and simply reflects the lig 
It is quite different when we begin to gency carn eeng re In fact, alm 
. . all our Knowledge of the nature oj 
consider the constitution of the planets, . Nia 4 ~ppalline 
. material composing the surface of 
their atmospheres and the conditions 
, : moon is obtained through a study of 
prevailing on their surfaces. In the first i: 
' influence of reflection by different ki: 
place planets shine by reflected light and ' 
. of materials upon the plane of vibrat 
are not self-luminous. Hence the light > aes : 
; i ) ; of light waves, a phenomenon skilfu 
we receive fr a plane imply sun ’ , ‘ 
2 oe SE inet 18 § . 7 = utilized by Dr. Wright, of the Carneg 
light modified to some degree y trans- — Tnstitution, to prove that the moon’s s 
mission through the planet S atmosphere face ean not Consist oft exposed roek [ 
in case such an atmosphere exists. Diffi must be covered by a layer of very 
cult as it is to realize, it is a much more gand or. more probably, voleanie or n 
serious problem to learn the composition — teorie dust 
of the surface of our satellite, the moon, Much of our information regardi: 
the nearest object in the sky, than of a the planets must depend upon dir 
star the light of which may be thousands yjsual and photographie observation 
of years in reaching us. Surface markings, the periods of rot 
The gases of the elements composing tion, clouds and varving features on 
the atmosphere of the sun or a star radi- apparent surface, and to some extent t! 
ate or absorb their own characteristic presence or absence of an atmosphe1 
light and give immediate evidence of itself must all be studied with the t 
their presence when the light is analyzed scope, and here we encounter the ser 


with a spectroscope, while the moon acts’ difficulty of atmospheric disturbances 





THE SOUTHERN PORTION OF THE MOON 


, 


TWENTY-SIX DAYS AFTER THE ‘‘NEW MOON’’ APPEARS; TAKEN WITH THE 100-INCH TELESCOPE AT 

THE CARNEGIE INSTITUTION ’S MOUNT WILSON OBSERVATORY. ON THE MOON THERE IS NO WATER 

VAPOR NOR ANY OTHER GAS TO EQUALIZE THE SUN’S RADIATION ; CONSEQUENTLY ITS TEMPERATURE 

UNDERGOES ENORMOUS VARIATIONS, FROM THAT OF BOILING WATER ON THE SIDE TOWARDS THE SUN 
TO 250° BELOW ZERO, FAHRENHEIT, ON THE DARK SIDE. 
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SHOWING THE RELATIVE SIZE 


FROM A PHOTOGRAPH OF THE 
ANNUAL EXHIBITION OF CARNEGIE 
OF THE SUN IN SCALE 
EARTH AND THE Moon, 


ATMOSPHERIC DISTURBANCES 


When a telescope is pointed to the sky 


it is looking out through the entire depth 


Each irregu 
larity in the temperature and density of 
the air through which the light 
bends and twists the beam of light, and 


\f the earth’s atmosphere. 
passes 


as such irregularities change very rap 
idly there is a continual blurring and 
This is the fa 
often 
and in 


quivering of the image. 
miliar twinkling of the stars so 
seen on a windy winter night, 


a telescope the effect is increased in pro 


portion to its magnifying power. Such 
a blurring effect goes far toward oblit 
erating the surface details and finer 


markings on the planets or the sun and 
moon, and explains why astronomers 
seek to locate their observatories where 
the air is most steady and free from dis 
turbance, and why Percival Lowell es 
tablished his observatory, primarily for 
the study of Mars, on an isolated plateau 
in eentral Arizona. 

It also answers the question most fre 
quently asked of astronomers whether a 
telescope can not be built sufficiently 
large to bring the moon within a few 
miles and Mars within a few hundreds 
of miles and so make even the smallest 
details visible. 
such 


There is ample light for 
existing 


observations with tele- 


INSTITUTION, 1] 
WITH THE PLANETS Li 
Mars, JUPIT 


MODELS PREPARED BY 





OF THE SUN AND PLANETS 


MouNT WILSON OB RVATO FOR 
HELD IN Dt ER, 19 Upp \ 
wer FROM f O RIGI M Y \ 
SATURN, URA s, NEP I ) 


scopes, and the magnifying power may 
be made as high as may be desired, but 
unfortunately the 


disturbanees due to 


the earth’s atmosphere are magnified 
along with the planet’s disk and nothing 
is gained. 

If the earth’s atmosphere could be re 


moved the astronomer could use a com 


pound microscope attached TO his tele 
scope to view the moon, and the limit of 
magnification in the case of the planets 


would be set only by the resolving power 


of his telescope and the disturbances in 


the atmospheres of the planets them 
selves. 
These difficulties affecting observa 


tions of the planets explain in part why 


our knowledge of their physical state is 


less complete than our knowledge 

them as astronomical bodies. Much has 
been learned, however, and much more 
may be expected with the development 
of new and more sensitive instruments 


for measuring radiation and for study 


ing the influence of the atmospheres and 


materials I the planets 


upon the quality of the reflected 


the surface 


Factors GOVERNING CONDITIONS 


There are three important factors 


which govern to a large extent physical 


conditions upon a planet and what we 
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“~ 
may Cal S ¢limat The first Ss I 
course, 1ts distance from the su his 
determines the amour of heat and light 
which it receives, a quantity which varies 
rv each unit of area as the square I 
the distance Thus Neptune, which is 
thirty times as Tar away trom the sun as 
the earth, receives only one nine-hun 
dredth as much lo and heat h equa 
areas of its surface 
The second factor is the lenet the 
| of rotation on its 


ts period of re 


planet ’s day 


This reculates the amount of ti 


axis 
during which the 


ferent portions of the surface 


fel 
Lal 


ls on dit 
The more 


sun’s heat 





SHOWING THE PLANETARY ORBITS 
FOR IN SCALE 
I oO THE ORI OF THI 
I PLA} M a s, EA AND 
\IA 4 00 oO } AT IS 
) Oo A i} SS TH I 
OF 0 { 0 S OF OUTEI 
PLA) s, JUI SA URA) NEI 
AND PLUTO, REI : ISTAD ED 
ONI AR 


rapidly a planet rotates the more nearly 


uniform will be the amount of heat re 


ceived by all its parts 

An extreme case is that of Mercury, 
which is generally to rotate in 
the same period of 88 days in which it 
revolves about the Hence the 
planet always turns the same face to the 


believed 


sun. 
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sun, does the moon to the « 


as 
one side is intensely heated by the 


+ 


erful solar radiation, while the 
side never receives any sunlig 
must be extremely cold 

The third consideration wl b 
especially upon the question of pl: 
tary atmospheres is that of the mas 
ot the planets. We do not know 
nitely that all the planets origina 
atmospheres, although this seems p1 
able, but if they did several the 
ets would have lost them « 
pletely or in part because they w 
massive enough to retain them 

The molecules composing the gass 
an atmosphere are constantly 
about with high velocities, ¢ 
with one another and rebounding 
directions. These velocities are ] Oo 
for the lightest gases like hvdroge 
helium and lower for the heavier ge 
like oxygen and nitrogen hurt 
more, the velocities are increased by 
crease of temperaturt As a resu 


rapidly moving molecule in 


part of a planet’s atmosphere wher 


lisions are infrequent is not attract 
the planet with a force sufficient to « 
teract its velocity or escape W 
off into space and be lost 

So a planet has fT have nsice 
mass in order to retain its atmosp 
and especially to hold the lighter gas 
like hydrogen and helium wl W 
be the first To eSCa pre I) I ‘ t 
stages of their history when the plar 
were probably much hotter the rat 
escape for all gases must have been 1 


more rapid 


MASssEes COMPARED 
obser’ 


1 fro 


If we the results of 


tion with what might be expecte 


compare 


theory, we find remarkably good 
Mercury with a mass about 
twentieth that of the no at 


mosphere, while Venus with 
extensive 


ment. 
earth has 


+ 


nearly 


has an at 


mass of the earth 


mosphere. 





[he earth has probably lost some « 
, ; free hydrogen but shows a sma 
t helium and abundanee of 1 


int ol 





ivler like 


vases 


one eight 


r satellite, the moon, with 


eC; the mass of the earth, has 


and on Mars, with one tenth tl] 


' ere. 
th’s mass, the atmosphere is thin 


yw density. 


On the other hand, the giant major 

inets with masses ranging from 
nes the mass of the earth. in the case 
Lranus, to over 300, in the ease o 


ter, have dense 


eres have doubt eSS 


They 


their original gases, including hydr 


n and helium, the gravit 


li n of their great masses binding Tt! 
| ecules ( f the Vases firm \ tO Ti 


ATMOSPHERI 
rie i 
rhe 


anet is usually detected 


presence of an atmosphere aroun 


rom obse1 


and extensive atmos 


ational attrac 
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he 
nitrogen and oxygen 


no atmos 


Ld 


fc 


retained 


i 
‘ 


| ns of clouds and variable markings 
p as in the case of Venus, from the ex 
‘ sion of the horns of the erescent be 
it nd the diameter of the planet, owing 
' ; : 
nu to the diffuse reflection of light in tl 
| planet’s atmosphere—an effect simila 
our twilight 
For our knowledge of its composition 


must then depend upon t] spect 


ro 


scope, Which analyzes the olit 


an 


ul shows what modifications the sunligh 


in passing through tl] 


These 


ol form of bands and 


as undergone 


yer. 1? sphere. WUSua ly ore 
lines which 


ld 


most 


the absorption of the e 


m 
gas and appear for the 


red p 


part ll 


and infra-red rt of th 


ions 
spectrum. 


he most prominent in the earth’s at 





sphere are those due to oxvgen, wate! 


re Va} 
ices a few faint li 


or and carbon dioxide. Ozone pro 
nes in the yellow por 


at tion of the spectrum, | 


mut if 


ands lie in the ultra-violet and are si 


at strong that they set a definite limit t 


e extent of the spectra of the sun and 


draree oe 


} ’ 
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ir in the 
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ways in which the effect due to t eart 
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planet and . 
the gases In ‘ mans ; 
cdletermined 

| e TIrst S } oy 
ties of the bands In e Ss] ri 
planet with those obtained fro 
transmittes ! t} earth ’s ; 


nas passed ~ 1g | 
ni sp re TT Ssurta The 
tron the sul t \ t " " 
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A second me 1 ¢ separatil 
tary ines Trom Those I terrestria 
depends upon the fact that the n 
Ol a planet toward or away fron 
earth produces a displacement t 
spectra nes \ rding ‘ n 
selected when a planet Is approa 
spectrum can be phot vrap ion suft 
cient scale the planetary nes W ip 
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pear completely separated from those 
due to the earth’s atmosphere. This 
method has marked advantages over that 
in which measurements are made upon 
the intensities of the superposed lines, 
but both methods have been used in the 
study of planetary spectra, especially 
those of Venus and Mars 


MEASURING TEMPERATURES 

The second important means for in- 
vestigating physical conditions on the 
planets is through direct measurements 
of temperature. Such methods have de- 
veloped out of the remarkable improve- 
ments in the construction of sensitive 
heat-recording electrical instruments. 
Dr. Pfund and Dr. Coblentz were among 
the pioneers in this field, and Coblentz 
and Lampland, of the Lowell Observa- 
tory, made some of the first and most ae 
curate observations of planetary tem- 
peratures, 

Several different types of instruments 
are available, but that which has been 
used most extensively contains a ther- 
mocouple as the heat-sensitive element 
It depends upon the fact that when 
the junetion between certain metals is 
warmed an electric current is set up 
which may be measured with a sensitive 
valvanometer. For most astronomical 
purposes bismuth and an alloy of bis- 
muth with a small amount of tin have 
been used, and the dimensions of the 
thermocouple as well as of the receivers, 
the thin strips of metal upon which the 
image of the planet or the star falls, are 
made almost incredibly small. The en- 
tire weight of some of the compensated 
thermocouples used by Pettit and Nichol- 
son at Mount Wilson, ineluding the re- 
ceivers and their connections, is about 
one thousandth part of that of a drop 
of water. 

The thermocouple is placed in a high 
vacuum which increases its sensitiveness 
greatly, and during the observations the 
image of the star or planet is thrown al- 
ternately upon one receiver and then 


upon the other so that the effect 
measured heat is doubled The ree 
ers, which are about one fiftieth 
inch in diameter, are so small that 
tails of planetary surfaces, such as 
polar caps and the dark and br 
markings on the surface of Mars, cai 
studied individually. 

With such an instrument, a riss 
temperature of the receiver of tl 
hundred-thousandths of a degree 
measured without difficulty, and 
heat of stars invisible to the naked « 
has been determined with the aid of 
100-inch telescope. 

When a planet receives radiation f) 
the sun a part is reflected directly aw 
in the form of reflected sunlight and 
part is absorbed and warms the plan 
and is re-radiated in the form of | 
heat waves. This radiation is that wl 
determines the temperature of 
planet. Accordingly, two sets of m« 
ures are made, one through a thin pl: 
of glass which absorbs most of the pla: 
tary radiation and the other with 
glass plate removed. In this way 
amount of heat emitted by the pla 
itself is determined, and through ap; 
cation of the law connecting temperat 
with radiation, with due allowance: 
the absorption by the earth’s atn 
phere, the temperature of the planet 
caleulated. 

We may now pass to a considerat 
of the results found for the individ 
planets. Beginning with Mercury, w! 
has a mean distance from the sun 01 
about one third that of the earth 
find a planet of small mass exposed 
intense heat from the sun, and, as 
have already seen, always turning 
same face toward it. Both visual a 
spectroscopic observations agree in sh¢ 
ing that it can have no appreciable 
mosphere, a conclusion which is ¢ 


firmed by its appearance when observ 


crossing the disk of the sun as a sm 
black spot during one of its transits 
The temperature on the surta 





aw 


nd 


i 


vi 








extremely cold on the dark side, with no have temporarily dissolved into a thick 


possibility of change in its features ex haze, much as fog dissolves 
cept through the slow processes of dis- earth. This cloud layer unfortunat 
integration due to temperature prevents us from carrying our obser 


the planets in the sky, we find quite dif In the absence of permanent surt 

ferent physical conditions. Its average markings the only method of deriving 
distance from the sun is nearly three’ the length of the day on Venus is fron 
fourths that of the earth and its mass observations with the spectroscope. The 
about four fifths as great. In many re- rotation of the planet would cause on¢ 
spects it is almost a twin to the earth, edge of the disk at the equator to ap 
having nearly the same size and density proach us and the other to recede from 
and about nine tenths the surface grav- 
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FROM ULTRA-VIOLET PHOTOGRAPHS OF VENUS 














AT THE CARNEGIE INSTITUTION ’S MOUNT WILSON OBSERVATORY Upp 

JUNI LOWER SERIES—TAKEN IN JULY. VENUS BEARS CLOSE COMPARISON 
EARTH IN MANY RESPECTS, HAVING NEARLY THE SAMI SIZ} AND DENSITY AND L\BO NINE 

NTHS THE SURFACE GRAVITY I1 HAS AN EXTENSIVI ATMOSI » a SS DENSE THAN \ OF 

EARTH, AND \ PERMANENT LAYER OF CLOUDS WHICH PREV NTS ITS RFAC! OND 
TIONS FROM BEING KNOWN. CARBON DIOXIDE GAS IN LARGE QUANTITIES IS PRESENT IN PI 
ATMOSPHERE, BUT OXYGEN AND WATER VAPOR APPEAR TO BE ABSENT FROM TH REGION ABO 
CLOUD LEVEL FROM WHICH THE LIGHT IS REFLI rt 


turned toward the sun isextremely high, ity. An object weighing 100 pounds o1 

about 600° Fahrenheit or higher than the earth would weigh 85 pounds 
melting point of lead. On the side Venus 

turned away from the sun the tempera It has an extensive atmosphere, prob 

ture has not been measured but must be ably considerably less dense thar 


very low. The planet has certain dark the earth and is surrounded by w 


permanent markings, and its surface is pears to be a perpetual layer of ids 
probably as rough as that of our moon It is doubtful if we ever see the actua 
Our conception of the surface of Mer surface of Venus, the few vague n 
cury must be that of a desert-like area, ings which have been observed bei 
intensely hot on the illuminated side and quite possibly areas where the « ds 


tions of temperature and atmosp! 
Venus Has aN ATMOSPHERE composition to the surface of the planet 
When we pass to Venus, the Hesperus and even the rotation period of th 
f the Greeks, and the brightest of al] planet is very uncertain 


us and thus should produce an inclina 
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tion of the spectral lines. Several ob 
servers have made careful measures of 
the spectrum of Venus but have been 


unable to detect any appreciable inelina 
ould indicate that the rota 


Venus 


least several days, although probably not 


tion. This w 


tion period of must be long, at 


so long as its period of revolution about 


the sun 


QUANTITIES OF CARBON DIOXIDI 


Two interesting results have been 


found trom spectroscopic studies of the 


eht reflected from Venus. The first 
is the absence of any appreciable 
amount of oxygen and probably of 


water vapor above the cloud level from 


which the light is reflected; and the see 
carbon dioxide 


ond IS the presence ot 


vas in large quantities in this region of 
the atmosphere 
dioxide 


the earbon 


to correspond tO a 


The intensity of 
bands is such as 
length of path of the order of half a mile 
this gas at atmospheric pres 


is, of course, quite possible that 


through 
sure. It 
considerable amounts of oxygen and 
water vapor exist in the atmosphere of 
Venus below the cloud level which forms 
the limit of penetration of the 
the 


we should expect some spectro 


spect ro 


scope, although in case of oxygen, 
at least, 
scopie evidence if conditions were at all 
analogous to those above high clouds in 
the atmosphere of the earth 

As all know, plant life consumes ear 
bon dioxide and gives out free oxygen, 
and the suggestion has repeatedly been 
made that the free oxygen in the earth’s 
atmosphere is wholly of vegetable origin. 
If, as Russell suggests, any original free 
oxygen in the atmosphere of Venus was 
exhausted in the oxidation of the rocks 
of the surface and plant life did not de 
find 


existing 


should here an 
the 


Since we are ignorant of con- 


velop, we expla- 


nation of spectroscopic 
evidence. 
ditions below the cloud layer on Venus, 
such a hypothesis is necessarily specula- 
tive. 


MONTHLY 


Nearly all astronomers agree, how 
considerations \ 
fitted 


general 


better 


that on 
should be than any 
planet for the existence of sucl 
is known upon the earth 
TEMPERATURE OF VE? 
Measurements of the 


Venus, 


tions, are 


temperal 
like tl ¢ spectroscopic obs 
limited to the level in tl] 
| 


mosphere above the cloud layer a 


not give us information regarding 
peratures on the surface of the p 


There 


the atmosphere 


seems to be some evidence 
of Venus, as in tl] 
thermal layer or st 


the 


uniform through: 


the earth, an isi 


sphere exists where temperat 


not far from 
siderable depth 

This temperature in the case of \ 
3 Fahrenhe 


is about 25° below zero 


warmer than that for the eart 


sani 


fact that temperatures of the 


are found for the illuminated a 
dark sides ( Venus IS an arg 
against a very long period of 1 

at least one approaching tl Ze 


period of revolution about the sur 


temperature at the surface of V¢ 


doubtless much | than 


ner 
upper levels of its atmosp! ere al 
ably is also higher than that 

of the eart] 


lace 


CONDITIONS ON THI Moon 
The next planet in order of dist: 
from the 


tendant 


the earth with its 


sun 1s 
satellite, the 
the 


phere to blanket and equalize the s 


moon 
perature of moon with no at 
radiation and with its long period 
tation is subject to enormous variat 
The surface exposed directly to the s 
heat reaches a temperature close 

of boiling water, while that of the 
below zero Fa 
the absence 
the heat 
ductivity of the materials of its sur! 


side is about 250 
heit. The effect of 
atmosphere and of low 


is strikingly shown by temperat 





ry ‘ 
4 
4 


ve surements at the time of a lunar 


yf mse 


during the partial phase the tempera 





drops very rapidly, then slowly dur 


totality, remains nearly stationary 


i a few minutes and then rises ab 

tly as the shadow passes away. Thi 

ve differences of temperature between 

3 | y and night so familiar to us on a 
sert on the earth are due mainly to the 


humidity of the air, since the pres 
of water vapor serves to reduce the 
‘’s heat during the day and to lessen 
radiation from the earth during the 

Qn the moon where there is 
her water vapor nor any other gas 
find an extreme case of such condi 


} 


ns, the surface heating and cooling 


i 
I with extraordinary rapidity 
\ 
t. 4 THe Eartu’s ATMOSPHERI 
It is unnecessary to comment exten 
sively upon the earth or its atmosphere 
There are, however, one or two facts 
u terest which should be considered in 
| ition to the planets in general. 
i lhe mean temperature of the whole 
rth is 57° Fahrenheit and of the trop 
zones about 79°. The composition 
' f dry air at the surface of the earth is 


bout «5 per cent nitrogen, 21 per cent 

xygen and 0.9 per cent. argon, with 
ry small quantities of carbon dioxide, 

nmonium, hydrogen, helium and other 

gases. In moist air the amount of water 


sta vapor may exceed one per cent As we 
ts vo to higher levels in the atmosphere 
these percentages change very rapidly 
ytmos and above 50 miles the atmosphere theo 
- : retically should be e¢ mposed almost 
of wholly of hydrogen. 
ations It is not known, however, whether 
sun's iny such amount of hydrogen actually 
Ot 1 eXIStS nor can its presence be detected 
»d spectroscopically as in the case of oxy- 
ah ven, water vapor and carbon dioxide. 
ol lhe mass of the earth is sufficient to re 
t ¢ = tain a hydrogen atmosphere almost in 
4 


lefinitely, but the question whether it is 
present or not must await methods of 


ul i 
ra : 








study i the upper atn sphere w we 
do not as yet possess 

Tne Ea AS SSI oO LAD 

An interesting question reg i 
earth 1s its 1 scople appearal ss 
ron ther planets About 
earth's sul ( . 
ered wit! ids and thes ‘ 
pe i! as { nspieu IS I S b si 
heir high ref! ny powel l’} seas 
and her irge bodies water Ww 
shine brilliantly when refi ng s 
rht direetly ibserve! \ 
b dark when see} eSS ) 1] 
gles. Snow- and ice-covered areas, val 
ng with the seasons, would be pron 
nent, and lare rested regions serts 
and grass ind could probab b l 
ected by rd ring « . 

All Tie sul atu s A 
would have be viewed throug 
aepth or the I Ss atmosp ! ‘ S 
dust and haze and a e ere s Ss 
tering and reflection ght whi 
produces. The result, as Russe states 
would be that in observer ! Venus 
could hardly see objects SS i a0) 
miles in diameter and would hav ea 
difficulty in distinguishing pern ! 
features because varving ¢ . 

Tue CANALS OF Mars 

The planet Mars has attra ead 1 re 
popular interest and has probably been 
observed more extensively than a 
other planets combined. This is not su 


prising, for, alt 
with one half the 
the mass of the « 
the earth than 
except Venus 


although not a 


PLANETS AND THEIR ATMOSPHERES 


noughnh a smal 





planet 


diameter and one tent! 


arth. 1. comes nearel 
any other large pla 
It has an atm sphere 


dense one, 


Venus we Can ¢ bserve its sur 


and find there 


humerous 


and in some respects unique 


The period of 


day, has been determined wit! 


curacy and is 24 


so nearly like ou 





rotation, 


hours and 


r own that 


and unlike 


face 


n 


direct \ 


splicuous 


markin’s 


; 
} 


» 
” 


f 


ray 


Martian 


rrea at 


Ca 


’ te 
minutes 


tures on 
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TWO VIEWS OF MARS 


TAKEN ABO A MO APART AT THE CARNEGIE INSTITUTION’S MOUNT WILSON OBS 

WITH THE 6 I TELESCOP! THE DIAMETER OF MARS IS ABOUT ONE HALF THAT OF THE | 

AND ITS A ABOUT ONE TENTH It HAS AN ATMOSPHERE, THOUGH NOT A DENSE ON 

GEN A ‘FACE IS REDDIS \ SHARPLY BOUNDED AREAS OF GRA OR D ( } 

POLAR CAPS CHAN( CONSPICUOUSLY, BEING LARGEST IN THE MARTIAN WI? t AND 

SUMMI So ASTRONOMERS HIN AT A CERTA I 1) OF F fA ( Oo 
FACE OF MARS IS OF ARTIFICIAL ORIGIN, BUT THIS EXPLA O oO ERA 


the surface of the planet are seen in_ tor of the planet. The general tend 
closely the same position by an observer is for these areas to become darke 
on successive nights. more prominent in the spring seas 
ana 


The color of the general surface of each hemisphere and to fade 


Mars is reddish, from which comes the come more yellow in the autumn 


e ruddy planet, but nearly one year. Lowell and others have 


name tl asc 
half its surface is covered by darker these changes to the presence 


} 
I 
-* 


areas of a gray or dull green color tion 
sharply bounded in many eases. At the Associated with this effect is thi 
poles of the planet are two brilliant question of 
by Lowell as fine narrow straight ma 


‘the canals on Mars, obs 
white areas, the polar caps, which show 
conspicuous changes with the Martian ings making a network covering mu 

rr and both the dark and the reddish areas 


seasons, being largest in winte 
the planet. That fine details are pres 


smallest in summer. The southern polar 
cap has been known to disappear com on the surface of Mars which could 
pletely toward the end of the summer a basis for Lowell’s observations is 
season, but the northern always remains yond question, but the existence 
in markings which ean hardly be 


visible, although greatly diminished 
of other than artificial 


size. It is difficult to conclude that these preted as 


areas are not actually covered with snow _ is subject to serious doubt in view 


or ice, although the rate of melting indi results of other experienced observers 

eates that the deposit must be relatively 

thin Proor oF ATMOSPHERI 
Accompanying the melting of the The presence of an  atmosp 

polar caps are certain changes, which around Mars has been proved in a v: 

ety of different ways. One of the n 


appear to be well established, in the eolor 
interesting of these is through suc! 


of the large dark areas toward the equa- 








THE PLANETS AND THEI 


series of photographs in light of differ 
ent eolors as Was first made by Dr. 

Wright of the Lick Observatory. The 
photograph in red light shows a great 
quantity of detail on the surface of the 
planet, while that in violet light shows 
iimost none. 

The red light can pierce through the 
aze of the planet’s atmosphere, while 
the violet light has little penetrating 
power. Moreover, the size of the image 
in violet light is greater than that in red 
eht. thus indicating that the atmos 
phere stops the violet light above the 
evel of the surface and gives the ap 
nearance of a larger disk. Clouds have 

oceasionally been observed in the atmos 
here of Mars but are comparativel) 
ifrequent 
Spectroscopic investigations of the at 
mosphere have been made by many ob 
servers, notably at the Lick, Lowell and 
Mount Wilson mainly 
with a view to determining the amount 


observatories, 


oxygen and water vapor. 
Dr. Campbell’s observations, made by 
m when at the Lick Observatory, 
proved definitely that the quantity of 
these gases in the atmosphere of Mars 
must be small, and later observations 
ave abundantly confirmed his results 
The most recent investigation under 
taken with the powerful equipment at 
Mount Wilson indicates that the amount 
free oxygen above a given area of the 
surface of Mars can not exceed one tenth 
f one per cent. of that above an equal 
area of the earth’s surface at sea level 
While the presence of water vapor 
seems to be well established by the ex 
istence of the polar caps, the total 
amount of water contained in them need 
not exceed that in a large lake and could 
ardly be detected in the form of water 
vapor distributed throughout the plan 
et’s atmosphere. 


TEMPERATURES ON Mars 
Measurements of the temperatures of 
Mars have led to most interesting re 


sult 


the 


abo 


farthest fri 


t} 


S 


stre 


ut 


~t. ATMOSPHERES 


W he Nn Mars is nearest 
temperature ol 


60 


ingest 


t 


SO 


he 


La 


I 


sun 


surface « 


this drops to 


Fahrenheit W her 


m th 


the freezing temperature The polar 
caps may become extremely cold, mor 
than 100° below zero Fahrenheit 
The important question of en 
perature of the dark side Mars is 
very difficult one answer b St 
the very sma irea wl an be ob 
served, even at the most vorabd nase 
The observations indicate tha m 
perature must be at least 40° below 
and perhaps considerably low 
If we sum up cond ns on Mars we 
find a sma planet wi f Wi 
vapor and very e oxvgen whose s 
lit surface in the tropics only e mos 
favorable times reaches temp it ! 
tions and during muel n Sa 
a freezing temperature Ky 24 | . 
as the plane ! ates nes ce Ss 
a temperature of at least 40° below 
It is clear from ft pserva ns att 
atm sph re Mi; rs 1s Sul A le] 
sity that its s Ss sma 
that the sui warms and sv 
rapidity far r 
desert on the earth and only . 
that of the n mn itself 
Under such cond ns we ( 
ceive of any vegetation on Mars would 
seem that 1f must De i mental 
type which requires t nourishme? 
from the atm sphere and S it cor 
respondingly little oxygen he sugges 
tion has been made that t] r x 
which may in past ages ha n id 
part of the atmosphere of the pial S 
been exhausted in the xida 1 
surtace, and the general color of the s 
face IS quite in Keeping Ww S POSS 
bility 
Tue ASTEROIDS 
As we pass outward in the solar sys 
tem beyond Mars we come to the zone 
the asteroids, of which some 1,500 are 
known and many thousands doubtless 
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TWO VIEWS OF JUPITER 


AKI AT THE CARNEGIE INSTITUTION ’S MOUNT WILSON OBSERVATORY, ONE IN 1 tA-VIO 

LIGHT, THE OTHER IN BLUE-VIOLET LIGHT. JUPITER, ONE OF THE BRIGHTEST OBJECTS IN 

IS THI ARGEST PLANET, HAVING A DIAMI El TIMES THAT OF EA l ( 

CONSPICUOUS FEATURES ARE THE BELTS WHICH EXHIBIT A GREA Al OF DETAIL AND CO 

AND WHICH OFTEN CHANGE RAPIDLY IN FORM. IT IS ALMOST CI 4 AT SE ARE CLO 

PROBABLY NOT OF WATER BUT OF SOM SUBSTANCE THAT APORIZES A 4 LOWI EMI 
THEM WERE DISCOVERED BY GALILEO IN lf 


JUPITER HAS NINE SATELLITES FOUR OI 


eXIST. They are small bodies, the largest 
less than 500 miles in diameter, moving 
in independent orbits around the sun 
and far too small to retain an atmos- 
phere. Like the moon they must heat 
quickly on the side toward the sun and 
cool quickly as the sun’s heat leaves their 
surface. The force of gravity is so low 
on the smallest of these asteroids that a 
hypothetical man could readily throw a 
stone from the surface into space and 
thus create an independent planet 


THe Masor PLANETS 

With the major planets Jupiter, 
Saturn, Uranus and Neptune we pass to 
an entirely different class of physical 
objects. They have large masses, rotate 
rapidly and are at such great distances 
from the sun that they receive very lit- 
tle heat 

Jupiter and Saturn have extensive 
systems of satellites, miniature solar sys- 
tems in themselves. They have dense 
atmospheres of great depth which pre- 
vent us from seeing down to the surfaces 
of the planets, if such surfaces exist, and 


all their markings are subject to chai 
although in some cases they persist 
long periods. Clearly they are atn 
pherie phenomena and may take p 
on an enormous seale. The great 
spot on Jupiter, for example, 
30,000 miles long and 7,000 miles w 
and lasted for many years, gradua 
becoming rounder and smaller unt 
has now almost disappeared. The w 
spot on Saturn discovered this year 
the Naval Observatory was also 
large and changed its form with g1 
rapidity. 

A remarkable fact about Jupiter 
Saturn, and perhaps about Uranus 
Neptune, as well, is that they do not 
tate as solid bodies but more rapi 
near the equator than in higher | 
tudes. The belted appearance of 
planets, so striking in the case of Jupit 
and Saturn, is probably associated v 
the character of their rotation. 


UNKNOWN BANDS 
The analysis of the light reaching 
from these planets shows the presence 
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Near Infra-red Spectrum of 
a«-Sun, b-«Saturn, c=Jupiter 




















Extreme Infra-red Spectru: 
[wee 3 — rect Phen above for corn: 
SHOWING SPECTRA OF THE SUN 
TAKEN AT THE CARNEGIE INSTITUTION’S MouNT WILSON 
VAPOR EMITS WAVES OF RADIATION, EACH HAVING A CHARA 
SORTED OUT BY THE SPECTROSCOPE AND THI SPECTRUM PHO’ 
BER OF LINES ON A CONTRASTING BACKGROUND. THE POSITI 
OTHER LINES IN THE SPECTRUM TELLS WHAT WAVE-LENGTHS 
MENTS DIFFER GREATLY; SOME CONTAIN BUT FEW LINES, 0 
EVER SOURCE THE RADIATION IS DERIVED THE SPECTR OF 
SAME. IN THE SPECTROSCOPE, TITEREFORE, THE ASTRONOMER 
ING ALMOST LIMITLESS POSSIBILITIES IN HIS STUDY OF THI 
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numerous bands in the red and infra-red _ terest, physically they are of less 

portions of the spectrum, some of which — tance, since they possess no atmosp 
are very prominent, especially in the It has been shown both by meas 
atmospheres of Uranus and Neptune ments of the reflected light and obs 


The origin of most of these bands is __ tions of the motions of different port 
still unknown, but recently Wildt and _ of the rings that they consist of a sw 
Dunham have identified several with of little satellites, each of which { 
bands produced by ammonia gas and its own orbit about the planet 
methane. The bands due to ammonia _ thickness of the ring is extremely s? 
are more prominent in the spectrum of not more than 10 miles at most 
Jupiter and those of methane in that of when its plane is turned toward 
Saturn. Comparisons with laboratory earth it is lost to sight for a few 


results indicate that the ammonia pres- even in the most powerful telescopes 
ent in the atmosphere of Jupiter is 

equivalent to a layer of gas 30 feet thick PLuTO, THE Most DistTan1 

at atmospheric pressure. A minimum The latest and most distant add 


temperature 


f about 180° Fahrenheit to the number of known planets is P 
below zero may be inferred from the [ts mean distance from the sun is ab 
observations 10 times that of the earth and its n 
It seems highly probable that the un the determination of which is subject 
known bands in the spectra of the outer great uncertainty. is about one té 
planets are also due to gases compounded that of the earth. Receiv ing but 
of hydrogen and carbon, since hydrogen |ittle heat from the sun and plung¢ 
must be very abundant in their atmos- the cold of space, this unexpected dv 
pheres. of the solar system is distinetly a 
ject for sympathy. 
THE RINGS OF SATURN Unlike the giant planets which 
No description of the major planets is nearest neighbors, Pluto is too sma 
adequate without some reference to that have reserves in its own mass upon W 
unique feature of the solar system, the to rely, and it has probably lost an) 
rings of Saturn. Although of extraordi- mosphere it may once have had, alth 


nary beauty and great mathematical in- some remnants of nearly inert gas n 








THREE VIEWS OF SATURN 
TAKEN AT THE CARNEGIE INSTITUTION ’S MOUNT WILSON OBSERVATORY WITH THE 6 


SCOPE. SATURN IS UNIQUE IN BEING ENCIRCLED BY THREE CONCENTRIC RINGS WHICH ARE Ct 
POSED OF A SWARM OF LITTLE SATELLITES, EACH OF WHICH PURSUES ITS OWN INDEPENDI 
CULAR ORBIT AROUND THE PLANET, WHILE MOVING IN ALMOST EXACTLY THE SAME PLANE. 1 
RINGS, THE OUTERMOST HAVING A DIAMETER OF 171,000 MILES, ARE EXTREMELY THIN, PROBA 
NOT EXCEEDING TEN MILES. Botu JUPITER AND SATURN HAVE DENSE ATMOSPHERES WHICH 


THEIR SURFACES, IF SURFACES ACTUALLY EXIST, 








i . eling about it seen in the largest 
p! escopes as merely a faint star it is 
asu robable that we shall never gain any 
a nsiderable knowledge of its physica 
ri nstitution 

wi 


v Dor B 


It S clear 


ms upon 


a stretch ot the 


AS possible 





rFUL IF Lire Exists 


from this outline of soi 


the planets that only 


them, Venus and Mars, can by 


abodes ot lite Of 


ie’ Ol 


e conelusions regarding physical con 


Two 


any 


imagination be revarded 


these 


Venus must, so far as we can judge, re 
main largely a subject for speculation 
ail We can not see its surface or analyz 
Plu ts lower atmosphere, and although the 
ab absence of oxygen in its upper atmos 
ma phere and the apparently long period of 
ject 1 rotation are unfavorable factors, it is 
te! quite impossible to state definitely that 
ve ife may not have developed upon its 
rei 


surtace 
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A ZOOLOGIST IN THE PANTANAL OF THE 
UPPER PARAGUAY 


By JAMES A. G. REHN 


\ ) OF NA iL Ss S OF 

Every zoologist, and probably every a single great cohesive biotie p1 
botanist, critically studying any part of | probably the richest in the world 
the Neotropical biota is confronted wit! diversity of its life. T frequent 
numerous historic species described from of **Brazil’’ as an original alit 
‘*Brazil,’’ without further exact locality. thus constitute a taxonomica 
Probably no single large area of the  certing factor when studying 
world, except the classic ‘‘Indes orien any Amazonian area, even outs 
tales’’ of the older French workers, has political boundaries of brazil 
been so frequently and indefinitely given Roughly, the more outstanding 
as the habitat of this or that new diseov- areas of Brazil are: (a) the relat 
ery. The particularly exasperating an- old mountain area to the north, sepa 


gle of this indefiniteness is that in but ing that country from Venezuela and 
a small percentage of cases cana modern Guianas; (b) humid, usually fores 
student determine who originally se- Amazonia; (c) the ancient easte 
eured the material, or even approxi- central plateaus and mountain gt 


mately where. Very frequently the type which are often in large part sem 
material has long since disappeared from as well as treeless ‘‘chapadao”’ 
collections. The many problems raised much of the western prolongation 

by modern intensive work can usually be area in the Amazon-Paraguay diy 


solved in such eases by topotypie speci ad the heavily forested belt 


mens, or individuals taken subsequently coastal mountains of southeastern Bb 


at the original locality, but this involves zil; (e) the relatively high and 
definite knowledge of the latter. Parana pine (Araucaria) district, 
The vast extent of Brazil. reaching same general region, and (f) the P 
from 5° N to as far as 33° S, and with guay River drainage of Matto G1 
an area slightly larger than the United most of Sao Paulo and the wester: 
States, exclusive of Alaska or all Europe, of the other more southern states, w 
as well as a diversity of surface condi- in the immediate vicinity of the P 


tions equaled by few other countries, is guay becomes a ‘‘pantanal’’ or seas 


often unrealized even by otherwise well- ally flooded river plain of broad expar 
informed people. Many further subdivisions can be s 
Virtually every student of the Neo- gested by the student of Brazilian 
tropical biota is involved in the tan-_ nisties, but the major ones given w 
talizing indefiniteness of the early lit- lustrate the fundamental diversity 


erature, as a true knowledge of the basic factors affecting animal and p 


character and relationships of the life of — life in Brazil. 


southeastern Colombia, eastern Ecuador The Brazilian state of Matto G 
and Peru and northeastern Bolivia can lies in the south-central part of the 
not be secured without broad considera- try, in contact with Bolivia and P 
tion of that of Amazonian Brazil, con- guay along its entire western bound 


stituting as these areas do but parts of and embraces within its limits a 
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id FIG.1. OX—BOW CUT-OFF OF RIO PARAGUAY A DESCALVADOS 
SHOWIN FLOATIN( MA OF **CAMALOTES.’’ A ‘ OF 


TAN( ED, NGLY (¢ ARACTER OF RI\ RIN si I FO | 


\ part of the Brazilian section of the Para thereafter, is 
guay River drainage. The head streams a dept f fron few lt es 1 . 


By of a number of the chief southern tribu as SIx feet This country 1s 


P taries of the Amazon are similarly nh tanal’’ of the Bn 
i eluded. The plateau which forms s sisting when dry of open grass: 
| 


P much of the Amazo1 Paraguay divide like plains a itted wit Isula 


ross with its ‘‘el apadao,’ is also largely in slands of tangled forest 
: Matto Grosso. The state has an area caapoes (pl 1. s 
¥] about twice that of Texas, or to be exact riverine screens of similar 
Ps 932,683 square miles. Few elevations Many sha ‘hannels 


ithin its borders reach as much as 3.000 corichos 


‘et above the sea, but what is lacking papyrus, wind thi rh the 


n contour diversity is made up in other spread out road s rhs. Du 


‘ physiographie contrasts. To the north the dry seas may } 

1] ward we have Amazonian forests, par much as thre nd a [a 

4 ticularly along the stream courses, pass eampo grass-land bakes dry, the grass 
ing into the ‘‘chapadao’’ and open’ sun-cures, the corixos larg 

rorest country of the plateau divide, suc being mere Vv water pockets and not fi 
ceeded southward by the vast, nearly ing stream courses, and mar 

level, low river plain, elevated but caapdes trees become leafless 

Pa slightly above the river, and during the tive Borero Indian cattlemer 

oo = rainy season, which extends from Octo- off the dry grass, and the smoke of grass 
ber to April, and for several months 





temperature may at times be nigh, the 


dry season is ‘‘winter’’ in the pantanal, 


and cold south winds, the backwash of 
Argentine ‘**pamperos,’’ blow for days 
it a stretch; the writer has seen the tem 
perature drop from 97° to 40° F. in ten 
lOurS 


To the systematist who has worked on 


the Tauna ol Matto Grosso the name ol 
ield collector 


familiar. 


the past is particu 


larly Probably his labors 


placed in the hands of students as great 


a variety of material from several local 
ties in South America as any one of this 
group of scientific pioneers. 
ing to know that Herbert H. Smith was 


an American, and that virtually all his 


It is pleas- 


vast Brazilian collections are housed in 
American the breadth 
of his work and its scientific results, his 


institutions. In 


Brazilian efforts place his name in that 
trail-breakers in 
Natterer, 
Natterer 


coterie of zoological 
Brazil 


Bates and 


which includes Spix, 


Wallace. Of these 
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was the 
state ol 
tion of which he erossed on his wa) 
the Rio Madeira, a trail of 
then and hardly a pleasure stroll to-d 

Smith’s Matto 
done at first, the vien 


only other one who touched 
Matto Grosso, the northern 
many pe 
work in (7rosso 
two localities : 
of the old city of Corumba on the R 
the 
east by low pantanal, with the elevat 


Paraguay, bordered on north 


massif of Uruetim on 
the 
Anna de Chapada, twenty or more m 


square-cut 
south; and second, town of Sa 
northeast of Cuyaba, capital of the stat 
situated on the Paraguay-Amazon diy 
and near the characteristic ‘‘chapada 
of that area. At these two localities, b 
especially at Chapada, Smith and t! 
other members of his party collected 
tensively for several years, and amass 
really amazing collections of mammals 
birds, reptiles, fishes, insects and oth 
which the base 
Allen, ‘ 


animals, served as 


classic studies by Cope, J. A 











FIG. 2. 
SHOWING THE SINUOUS COURSE OF 


OF THE PANTANAL. DESCALVADOS IS THE 


THE PARAGUAY BETWEEN 


MILES OF 








DESCALVADOS FROM 


LARGEST 
CoruMBA AND 
MatTTo Grosso EXPEDITION. ) 


THE 
THE Rio PARAGUAY, AND THE 


AIR 
DIVERSIFIED COVER CONDITION 


SETTLEMENT ALONG SOME THREE HUNDRED 


SAo Luiz DE CACERES. (PHOTOGRAPH B 
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FIG.3. PANTANAL CONDITIONS IN APRIL AND MAY 
THE LATTER PART OF THE WET SEASON. THE TERMITES” NESTS ARE SOMETIMES UNDERCUT ' 
THE WATER AND TOPPLE OVER. THE WHITE BIRDS IN THE DISTANT SLOUGH ARE LARGELY WOOD 


IBIS, WHICH FIND THESE AREAS PRODUCTIVE FEEDING GROUNDS WHEN THE SAME COUNTRY WAS 


LARGELY DRY, WATER BIRDS WERE MUCH LESS 


EVIDENC! PHOTOGRAPH BY MAT! 


EXPEDITION 


vert and many others. Considerable 
portions of these vast collections are yet 
unreported, while studies on other sec- 
tions are being made by a number of 
specialists. My interest in 


Matto Grosso zoology came through work 


personal 


years ago on a portion of Smith’s series 
of Orthoptera. 

In 1930 an expedition was organized 
in the United States, having as two of 
its objects the securing of motion pic 
tures of the wild life, human and animal, 
of parts of Matto Grosso, and the ex 
amination of little-known country on the 
upper Rio Xingi, one of the main south- 
ern tributaries of the Amazon. It was 
known as the Matto Grosso Expedition, 
and had attached to it as anthropologist 


Vineent M. Pe 
Museum of 


and archeologist Mr 
trullo, of the 
Philadelphia, and 


writer was added to the expedition as 


University 


subsequently the 


zoologist, representing the Academy of 
Natural Sciences of Philadelphia 

Mr. Petrullo’s splendid work among 
the littke known peoples of the upper 
Rio Xingt 


been ably described by him in the publi 


pronounced Shin-gu) has 


cations of the University Museum 

The personne! otf the Matto Grosso 
Expedition other than native help com 
prised eighteen persons, all but four of 
whom were American. The main party 
left New York in December, 1930, and 

1 Museum Journal, xx No. 2, 91-173. pls 


X1X—XXiV, map, 1932 
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the last members of the expedition re- to cover the entire dry season, wher 
turned to the United States about a year pantanal country, where the largest 
later. In order to insure the best pos- of jaguar known oecurs, is driest 
sible success in jaguar hunting, a num trailing has the best chance of succ 


ber of hounds trained on puma in the For other groups of animals than m: 
l'nited States were taken. The value of mals, however, with the possible ex 
these dogs over the average native one tion of birds, the dry or winter seas 
for trailing was beyond question, in with its very cool spells and its lacl 
spite of declarations by some that im rain was, as in the American tropics 
ported hounds would not be as useful as 4 whole, distinctly less productive t 
native does The expedition was the the wet season While the latter sea 
fortunate possessor of its own short is the one more trving to the 
wave radio equipment and for about five worker, it is in many Ways more | 
months had the use of an amphibian ductive in results. For anthropolog 
plane and crew of three. This was of work, with its relative ease of 
exceptional value in connection with the travel, and for aerial reconnaissance 
anthropological reconnaissance of the dry season is distinctly the better 
upper Rio Xingi. The base of the Matto Grosso Exp: 
In order to permit the best hunting, tion was established at Descalvados 
the stay of the expedition was planned the upper Rio Paraguay, the station 
the Brazil Land and Cattle Compa 





well over two hundred and fifty miles 
stream and about one hundred 
seventy-five in an air-line due nort! 
Corumba. Descalvados is a ‘‘xarq 
pronounced char-kee), or jerked be« 
slaughtering and drying plant, and 
der its now deceased manager, J 
Gordon Ramsey, it has served in the p 
two decades as a base for several zo« 
ical expeditions, while the Roosev 
Rondon Expedition visited it on the wv 
to Tapiropoan and on over the chapad 
to the descent of the Rio Roosev 


Ramsey, a former Texas sheriff and « 





tleman, will always remain an unfore 
table figure in the memory of those f 


tunate enough to have had the friends 


of this courageous and generous « 








emplar of the best in our pioneer d 





4 esc: "< OS, aer eonaditions ¢ 
FIG.4. JAGUAR AND PUMA FROM THE *! Descalvad under ndition 


PANTANAI tirely different from those of our West 
THI LARGI MALI AGUAR ID THI CENTER he had developed in the Borero Indi: 
WEIGHED 290 POUNDS SOME HOURS arrer DeaTH. C&ttlemen an unusual loyalty on a 


THE HEAVY BUILD AND POWERFUL PorELIMBS or COUNt of his fairness, coupled with t 


THE JAGUAR ARE HERE WELL CONTRASTED WITH application to the ruilty of the justice 


THOSE OF THE MORE SLENDER PUMA. THE KILL our old frontier. In a land where lif¢ 
ING POWER OF THESE MAKES THE JAGUAR A FAK still held lightly, he was to the evil-d 
MORE SERIOUS PROBLEM TO THE CATTLEMAN. a living personification of the max 


PHOTOGRAPH BY MATTO GROSSO EXPEDITION. that the wav of the transgressor is hat 








. THE PANTANAL OF THE UPPER PARAGUAY 


nt The Boreros of Descalvados represent 
t a sadly decultured branch of that dis 
tinctive people, and have been in contact 
_ with white men for many decades, as the 
Ma ipper Paraguay served as part of the 
Xe route of the Spanish conquistadores o1 
as the long trail from Asuncion to Lima, a 
ck hard journey to-day and an almost un 
ies believably arduous one in the sixteent! 
tl! and seventeenth eenturies The Deseal 
Cas vados Boreros in the past decades have 





acquired a pronounced Negro admix 


p! ture, adopted the white man’s clothes FIG. : i ak amen wie (om 
i and largely speak Portuguese, as well as cone ; ove BE CH} ua ae 

al their own tongue. On the Rio Sao Lou fon on a nae 
eC, | renco, an important eastern tributary of mars Rio 

the upper Rio Paraguay, about two hu 

per dred miles southeast from Descalvados, American countries. The cooperat 

iS, | one of the branches of the Borero people — Brazilian scientists was equally generous 
on ves in essentially their primitive condi and helpful, fully in keeping with 1 
pan, tion, having been hostile to whites until extreme cordiality which has mat 
es | a few decades past. Through the co Brazilian American relations 

al yperation of General Candido Mariano acter 
th da Silva Rondon, the distinguished Bra The Rio Paracuay at Des i 
Pqui zilian administrator and explorer, whose where the writer spent the four months 
be nterest in the welfare of the aborigines between Mav and October. occupied w 
dou of his country is sincere and understand hunting and zoological collecting. is 
Jol ing, members of our expedition were — stream about two to three hundr 

> past permitted to visit these interesting peo- wide, swift and powerful in sy 

| ple and secure motion pictures and = low elevation (approximate na om 
evi sound records of their dances, songs and dred feet) there. about tw { 22) 
p Wi mode of life. Brazil, it is pleasing to miles from the s The riwes ela 
padi know, has adopted a policy of protecting holes. some beine over fortv feet deep 
evel ts still considerable Indian population — at low stages of the water. alt} 
1 cal from exploitation and pseudo-scientific ward the end of the drv season s 
orgel ‘‘racketeering,’’ yet providing for genu- often eive trouble to the shallow di 
ef ine scientific recording and preservation river steamer. ch operates betwe 
dship of anthropological and ethnological in Cosumshd ond tha tawn of Gio } a 
S @) formation before inevitable changing (Caceres. some seventv miles upstreal 
day conditions make this impossible. from: Deareivedes. Caceres is am cid ant 
S él The scientifie members of the Matto  tlement and has figured conspicuously it 
West Grosso Expedition look back with plea the past history, and the natural ] we 
ndia sure on the uniformly cordial coopera of Matto Grosso. In the past it was ale 
n a tion and invaluable assistance received called Villa Maria, and is so quoted in 
h th from the Brazilian Government and all some of the older scientific literature 

ice ) its officials with whom they came in con Some fifty miles or-so down stream 
life B tact. No more generous consideration from Descalvados the Paraguay breaks 
l-do » has been extended to the writer in field up into several channels wl ale squirm 
am } work involving seven different Latin and twist through forest-bordered pat 
are 
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The navigation of these tortuous 
waterways requires skill and experience 


at the helm of the steamer, particularly 


tanal 


with freight barges lashed on the sides. 
as 1S the usual custom 
miles above Co 


A hundred or more 
rumba the various channels merge into 
a deep powerful stream, which flows 


ridges of a rugged 
mountainous This uplift, rising 
out of the pantanal and the 
lakes of Uberaba, Guiba and Mandioré, 


into Bolivia. 


among the eastern 
area 
chostly 
stretches far off westward 
The July airplane panorama of these ap 
parently ancient mountains, rising from 
the flooded pantanal and reaching off 
toward the setting sun, range beyond 
range, deep into Bolivia, is something 
not readily forgotten. Their dry slopes 
candelabra Cereus 
called 
urumbéva in Brazil, and are sometimes 
as tall as forty-five feet, while the hill 
slopes are also dotted with the pink and 
We know 


show many eacti 


peruvianus), which are locally 


yellow flowers of the petivas. 
little of these mountains or their animal 
life. 
surveyed and are charted on the best 


They have never been accurately 


Brazilian maps as just surpassing three 
hundred meters in elevation. With our 
plane we cleared the summit of one of 
the higher peaks by about two hundred 
feet and found its height was approxi 
mately four thousand feet above the level 
of the Rio Paraguay. 
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TREE PORCUPINE 
MatTro Grosso EXPEDITION.) 


FIG. 7. 
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FIG. 6 THE LARGE OTTER OR ‘‘A 
INHA’’? (LUTRA BRASILIENSIS 
[HE FLATTENED TAIL IS EVIDENT IN THE } 
GRAPH. THE FRINGED LEATHER APRON OF 
BORERO CATTLEMAN IS SEEN ON THE FIG 
E LEFT 


To return to the Paraguay at Ds 
calvados. the surface ot the river vel 
erally bears floating islands or margi 
fringes of ‘‘camalotes’’ (Fichhornia a 
Pontede ria ). 


hyacinth of our southern states. 


larger cousins of the wat 
Thes 
mats of vegetation often solidly eh 
the channels of ox-bow eut-offs whi 
lead back from the main stream. Quiet 
shallow pools or small lagoons with litt 
will shelter the glori 


or no current 


‘*rainha dos lagos’’ or queen of the lake 
a species closely related to the Vict 
regia of more northern South Ameri 
The 
which 
distances forms a screen cutting off t! 


dense fringe of jungly for 


borders the river, and for lo 
hinterland, is made up of a large nw 
ber of This fore 
being more generally inundated duri! 


species of trees. 
high water than the drier caapoes, has 
different is what might 
called more truly tropical in the m 


fascies. It 


frequent palms, of which the caran 
palm (Cope rnicia certfera) is the m 
abundant, while others are the ‘‘auass 
Orbignia speciosa), the burity pa 
Mauritia) and the great-leaved ‘‘aecur 
(Attalea), a near relative of the ( 

tral American corozo or manaca pal: 
Among the many other riverine for 





rn ’ 
« 
4 


be mentioned great 


Ficus 


components may 


‘“higuelras , Species 


wild figs or ° 


7% of Cercopia, locally called **umbau 
beira.”’ which is the ‘‘guarumo’’ or 
trumpet tree of much of Spanish Amer 
ica, the false dragon’s blood (Helto 
carpus americanus) and the ** pao santo’ 

Bulnesia sarmienti The fringe for 
est is often almost solidly mantled with 

: a blanket of vines, tying all into mounds 

; or domes of green, as seen from the 
stream. When the water is high all the 

LR land bearing the riverine forest is inun 
dated or at least but a few inches above 

PH the flood. 

F The open pantanal of campo character 
is generally treeless, short-grassed, level, 
sometimes with an open grove-like tree 
cover of species ot relatively low stature, 

Des most of which become completely leafless 

fel by the end of the dry season. The dense 

rein: caapoes are seattered like islands over 

a ar the campo and wetter pantanal, usually 

vate! elevated a few feet above the general 

These level and thus generally dry most of the 

choke year, serving as refuges for many mam 

whiel mals during the flood time. They are 

Quiet generally circular in outline, which is 

little particularly pronounced when the pan 

prious 

lakes 

ctor 

ler li 

forest 


long 
ff the 





nun 
forest , 
luring 

has 
rht be 

mor FIG. 9. GIANT ARMADILLO (PRIO 
rand DONTES GIGANTEUS) 

» most THIS SPECIMEN, THE FIRST OF THREE CAPTURED 
aaah ALIVE, DIED IN TRANSIT THE NIGHT BEFORE 


REACHING OUR HEADQUARTERS. THE GREAT DIG 


— 


am GING CLAWS ARE USED BY THE PRIMITIVE 
Co BoREROS IN ONE OF THEIR DISTINCTIVE NECK 
® PENDANTS. (PHOTOGRAPH BY MATTO GROSSO 


EXPEDITION. ) 
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FIG. 8 FALSE VAMPIRE BAT VAMP) 
RUM SPECTRUM 
PH SI \ I 
ACROSS TI I D 
AND DEVO ) 
PLACED 4 \ PHOTO 
MATTO GROSSO PEDITIO 


tanal is seen from a plane, and rise quite 
sharply from the campo, with no definite 
transition area. The densely matted tree 
growth is made up of many kinds, most 
conspicuous of which are the great 
(Curatella americana 
Ficus 
Hyme hile 


**ingasinho,’”’ 


leaved ‘‘lixeira’’ 
species of wild fig severa 
the 


species ot Inaa., called 


palms, riant jatoba 


and 


lianes of varied and strange type, of 


which the “C1po de escada’’ probably 
a Bauhinia), with its ladder-like conv 
lutions, draws prompt attention. On 


the few low, rocky hills near Desealvados 


apparently isolated remnants of the 
mountains to the south already men 
tioned—one finds a more xerophytie 
vegetation, with candelabra cactus, low 
spiny agave-like types and the yellow 
and red flowered peuva trees, locally 


Or hras fad 
These 


season are 


‘‘peiva amarella’’ (Tecoma 
and 


beautiful 


roxa’’ T. ape 
the dry 


““peuva 
trees in 
mantled with great clusters of golden 
yellow and purplish pink trumpet-like 
then 


the pantanal, with 


blooms, although leafless 
The wet 


their standing water, are densely grown 


quite 


swales of 
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FIG WATER BIRD LIFE ON THE PANTANAL AT THE END OF THE WI 
SEASON 
1AIN EGRETS AND WOOD IBIS THE STANDIN( 
PHOTOGRAPI MATTO GROSSO <PED ON 

up in a tall coarse sedge, which has subspecies of the Jaguar of the pant: 
much the same cutting propensities as region (Felis onca millert) is the la 
Florida saw-grass. Often these areas form of this greatest of New World 

occupy many acres, filling every slight The relationships of the various 


depression in the land. In the deepest 


wet spots are dense eight-foot stands of 


papyrus Many shallow lagoons are 


scattered over the pantanal, bearing 
vreat mats of ‘‘camalotes’” and the 
‘‘rainha dos lagos’” much as embay 
ments of the more truly riverine see 
tions. Until the middle of the dry 
season the recurrent splashing of water, 
when crossing the eorixos or shallow 
pools, is the regular accompaniment of 


the saddle. This 
brief picture of the major features of 
back 


evil 


pantanal travel in 


pantanal landscape will give a 


ground for comments on its more 


dent animal life. 

Any mention of the great cats at once 
African lion 
In reality he 


brings forward the as the 
standard of comparison. 
is unique among the larger cats in a 
number of respects and correspondingly 
None of the other 
large felids are as gregarious as the lion 
found to be, and they 
whole more forest-loving. One will not 
find the of 
pumas congregating in fair-sized groups, 


non-representative. 


are aS a 


is often 


various forms jaguars or 


and their siestas are by preference taken 
in heavy cover. Consequently, they are 
far less evident features of the landseape 


than lions are in Africa. The species or 


of jaguars have been the subject 
cent investigation by Messrs. Nelson 
the technical 


Goldman, and name 


used was recently proposed by then 
the pantanal subspecies 

It isa common thing, even among ot 
to look 
the jaguar as merely an American « 
In reality t 


wise well-informed people, 


terpart of the leopard 
in habits, mucel 
The 
more robust ln 


have no resemblance 
in size and build jaguar is a 
heavier animal, wit! 
lower set and thicker body, short 
heavier tail and more powerful head : 
No Old World pro] 
tionatel) heavy fore as 

The Matto Grosso Exped 


fifteen 


neck. eat has 


as limbs 
jaguar. 


secured jaguars, of whicl 


largest weighed 290 pounds, a nun 
of hours after death. This cat in 
undoubtedly would have sealed 


pounds, or equal in weight to a si 
African The 
huge male, as compared with a fair-s 


lion. relative size of 
female jaguar and an average puma 
shown in Fig. 4 

When eattle are not 
particularly sought, the pantanal jas 


available or 


preys upon tapir, deer, capybara, r! 


and even the alligator-like jacarés 


ecaimans. It has even been know 
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ttack the great ant-eater, with fatal The jaguar’s hunting is vene! 
results to both, and doubtless will eat at night, while the day 1s usu spel 
armadillos and various of the larger in the « son . 
birds Although he is an almost om these places the cats gene! 
nivorous feeder, tapir and capybara the early 1 rnine. ofter 
seem to be particularly liked. The hides iminary 1 na bed of grass or s 
tapir often show deep claw marks ‘These beds are easily recog 
vhere jaguars have attacked and been — sleeping place av at times be me d 
, swept off by the tapir’s headlong rusl tal 
| through dense brush, usually for the made, or the cat will sk 
‘lative security of deep water. Never feeding avain later ‘he posit 
—_ theless, the jaguar swims well and erosses_ kill is generally evident from 


argve or swift bodies ot water without tencdant err | 
fticulty During the inundation of the ‘‘urubds.’’ Apparently long dist 


nt vet season jacarés become more widely are covel by jaguars in s 

ar spread over the vast extent of the pan and in hunting them with hounds 

d . tanal. As the flood sheet recedes these trails are si metimes fi wed for n 
rorms nprepossessing saurians are encoun miles before the spoor becomes fresl 
0 tered wandering over dry land consid enough for the younger, ‘*‘hot-trail 
ma erable distances from any water. In dogs. In one case we followed a tri 
e ] 


inting one often finds the mummified for twelve miles before the eat ear 
emains of jacarés, always on their backs _ bay. 
with the lower surface torn away, show- Naturally cattlemen are deeply inter 





ot ing where some hungry jaguar stalked ested in the spotted killer, which takes a 
c up and slew considerable toll of calves, cows and 
ce 
vt = i. 
c] | 
a 


jh mS 


r 
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wh 
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FIG. 11. WOOD IBIS FLYING OVER FLOODED PANTANAL 
THE SHRUB IN THE FOREGROUND IS KNOWN LOCALLY AS ‘‘CANUDO’’ oR ‘‘ ALGODAO DO PA? 
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7 
eee aed 


WILD COTTON ) (Ipomoea fistulosa ) AND OCCUPIES 4 DEFIN | BI 


IN Hil i) ‘ ws 


3 PANTANAL. (PHOTOGRAPH BY MaTTo Grosso EXPEDITION 








ovU THE 








f 
am he a, 
° hey: 
ak: ote *~ 
A ly «aie ] 
FIG, 12 JAWS OF THE WOLF FISH 
(RHAMPHIODON 
ONE OF THE HIGHLY SPECIALIZED MEMBERS OF 
THE GREAT FAMILY CHARACINIDAE. PHOTO 
GRAPH BY MAatTTo GROSSO EXPEDITION 


steers, while much more rarely a bull, 
taken off guard, may be attacked. Na 
tive hunters kill a considerable number 
for their hides, the ranchers sometimes 
systematically endeavor to wipe out a 
particularly persistent cattle killer, yet 
jaguars remain in considerable numbers, 
unseen and usually unheard 

Pumas (Felis 
probably less numerous than jaguars in 


concolor osqoodi are 


the pantanal, seem more partial to the 


areas and, being smaller, play a 


drier 


less important part Occasionally a 
family group of as many as three will be 
encountered. Such a trio one day fur- 
nished us with two study specimens and 
a live individual. When closely pressed 


by hounds, they invariably tree, while 
jaguars may elect to bay on the ground, 
as I saw them do on two occasions. In 
dense growth a large jaguar at bay on 
the 


man or dog, as visibility may extend but 


ground is a serious opponent for 
a few yards, and a charging jaguar has 
speed all out of proportion to his build. 
The wise dog gives plenty of room, the 
careful hunter takes no chance of merely 
wounding the jaguar by a hasty shot. 


As elsewhere, pumas are less likely to 
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attack cattle, and probably pi 


ately kill more deer and smaller 
mals than do jaguars. The ri 
body color in the puma at Dese: 


was from a rather dark gravis] 
toa decidedly red brown tone 


The 


pardalis 


uaterica’’ 


ocelot or ** Jag 


} 
Drasiliensis IS 


probab 


most persistent hunter of the s 
birds of the 


is at least partly diurnal in its h 


mammal and pantan: 
as trails picked up any time in ft 
and led to this 
the 
climbs with the greatest facility 
We did not encounter the inter 


vaguarundi cat (Fe 


were fresh 


SOOT] 


beautiful of smaller eats, 


dichromatie 


gouaroundi or the very rare bus 
Felis pajeros hraccatus whiel 
was deseribed by Cope from I] 


Smith’s collection and still rema 


of the seareest cats in scientific 


tions. Both species are known t 
in the pantanal 

The common wild dog of the Ri 
guay campo is one of the forms 
erab-eating dog or ‘‘lobito,’’ wl 
widely distributed over much of B 
and adjacent countries to the sout 


southwest. It is a short-legged 
fox-like dog, which runs. wit] 
speed. The most unusual of thi 


dogs of this portion of South A) 


and one of the most distinctive 
world is the red or maned wolf (¢ 
socyon brachyurus the ‘‘lob 
melho’’ of the Brazilians. This 
legged, great-eared animal suge 


gigantic, stilt-leeged, short-tailed e 
of the red The 
are black, as is the muzzle, while t! 


fox. very slend 
eral body color is a fox red The 
along the back is rather long, sugs 
a mane, and the short, poorly bi 
tail gives an impression that the 
constructing a very striking anim 
left 
lelism 


unfinished An interesting 
is that 


this species and that of the large s 


the marked ecolorat 








| | : 
4 





living in the same territory, are 


i rv similar. However, this strange dog 
parently feeds on small mammals and 
' some extent on wild fruit, such as the 


all figs of the figueiras. The experi 
ce of our party with the single one col 
ted shows that the red wolf is a sav 
e fighter when brought to bay, fully 


:] able to hold its own against hounds 

a ; Two species of otter occur in the 
7, ‘ R Paraguay at Descalvados, the 
hye smaller (Lutra paranensis . called ‘‘lon 
. { tra.’ the larger L. brasiliensis), the 


areinha.’’ The latter species has been 
msidered to be generically distinct, as 





rest t has the tail distinetly flattened. with 
j a ridge on each side. It is one of the 
ish eat argest otters known, and in total length 


is sometimes but little short of six feet 


HH I This giant species, which ranges through 
ns ‘ much of South America to the Rio de la 
eoll Plata, will sometimes be found in the 
Rio Paraguay in small family groups, 


engaged in the graceful gambols for 
PP; which otters are noted. 


oft the The Procyonidae is represented by the 
lich is red eoati (Nasua nasua solitaris) and 
bina the erab-eating raccoon (Procyon can 
th ar crworus nigripes). The former is more 


likely to be encountered in the forest 
areas, while the raccoon is probably 


o: more partial to the truly riverine section. 

merica Both are often tamed and make interest- 
in. the ing pets. Dogs find the coati a formida 
( ble opponent on account of its triangu 


ar canines, which are capable of serious 
injury to a dog as large as a foxhound, 


as one of our animals learned. 


“] A black species of howling monkey 
ry legs \/louatta caraya) and a_ eapuehin 
Cebus azarae) are frequent in the for 
ae ested areas, particularly along the river 
= The howlers, which show sex-correlated 
: dichromatism, are often heard at night, 


even on gray days. The members of 
e expedition made a brave effort to 
rear several half-grown howlers, but 
with the failure usually encountered in 
such attempts with these delicate mon- 


+ 
} 





PANTANAL OF THE 





UPPER PARAGUAY 


nt s L tie \ 

most likabl ana nrerest 
Their quiet, dignihed mani ‘ 
mien, SO In contrast \ 
chins in our menage! | 
were never mischievous and 


owed to roam free, returm 


from their diurnal wandel 


paling fences and compound trees 


comfort of their open cage 
made friends, and would 
face-wrinkling worries in 
and throaty complaints 
action of the howlers was a 
when they came within 


chained capuchins, and 


a 


re 


tumble immediately developed 


The tapir (Tapirus terres 


ally considered to prete! 


neighborhood of water, and wil 


spend part of his time in 


if 
i 


such situations water plants 


! 
least part ol his food 


In ft 


calvados area, however, tapirs ar‘ 








FIG. 13. JABIRUS (JABIRI 
ON NES 


HIS NEST WAS LOCATED IN 


EST AND A SERIES OF MOTION PICTI 


BIRDS WAS TAKEN FROM A VANTAG 


OTHER TREE. PHOTOGRAPH BY 


lay 





times met considerable distances from 
permanent water, feeding on wild fruit 
An adult female secured by the expedi 
tion in the riverine $59 


While the Brazilian tapir is 


weighed 


forest 
pounds 


undoubtedly an ancient type, it has re 


tained its specific characters unchanged 


over a considerable territory, as it 


ranges from Colombia and the Guianas 
to southern Brazil, Paraguay and north 
Why this species, or 
it, should oceur in the 


ern Argentina 

a near relative of 
North American Pleistocene, and not the 
Central American genus Tapirella,where 
Tapirus does not 


but is one of the 


occur, 1s not known, 
instanees in 


of the life of 


many 
which the differentiation 
Central America from that of the conti 
nents to the north and south of it 1s 
marked. 

Of the deer of the pantanal the most 
conspicuous are the ‘*veado’’ or pampas 
Blastocerus 
and the 


Blastoc Crus dichotomus 


deer bezoarticus cam pes- 
or swamp deer 
The first of 


these is distinctly smaller than our east 


tris ‘‘ojervo”’ 
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ern Virginia deer, the buek with 
graceful antlers, and both sexes cay 
which 


suggest 


of speed and agility 
jack rabbit, with the ‘‘sky hop’’ 
latter, probably for better observat 
It is abundant and partial to the 
or park-like while 


vrassy campo, 


‘‘ciervo’’ is more truly a species « 
wet pantanal. In size the latter is 
and bodied, 
mule deer, in the male with symmet 
the Odo 


heavy equalling a 


well-spread antlers of 
type, while the striking body color 
been mentioned under the red wolf 
contrast with the active little veado, 
clervo is slow and confiding. Only 
does it 


thoroughly frightened see] 
that 
In consequence, it is kille 
hide, 
brings but a pittance. 


will 


realize another neighborhood } 
be safer. 
which, how: 


Apparently 


numbers for its 


beautiful species soon disap} 
from lands where it is to-day the lars 
deer and one of the most beautiful n 
bers of its family. 


Both types of peccaries are enc 
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FIG. 14. JACARES (CAIMAN) ON THE BANK OF THE RIO PARAGUAY 
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tered in the Desealvados area, the larger 
white-lipped species or ‘‘teschado’’ oc- 
eurring in herds of up to a hundred or 
more, while the smaller collared species 
is usually in groups of from three to a 
dozen or so. The larger white-lipped 
peceary is always treated with caution, 
as it is a trueulent pig, prone to charge 
if pressed too closely and capable of 
seriously injuring the hunter. Native 
dogs respect it and Indian hunters are 
eareful in approaching the fortunately 
infrequent larger herds. The smaller 
collared species when pursued often 
takes refuge under partially uprooted 
trees or in similar places. When run- 
ning for cover it can make surprising 
speed, bouncing along in a rabbit-like 
bolt. At bay, if pressed too closely, it 
ean use its triangular canines with 
deadly effect, as many dogs have discov- 
ered. The collared peccary is more fre- 
quently seen than the white-lipped pec- 
eary, and is closely related to the forms 
found in Texas, New Mexico and Ari- 
zona. 

Of the numerous rodents the capybara 
(Hydrochoerus capybara) is the most 
evident and interesting. This largest of 
the gnawing animals seldom wanders far 
from permanent water and is frequently 
found in groups, peacefully feeding or 
taking a sun-bath, close to the relative 
haven of the river or a corixo. The 
jaguar seems fond of capybara, while 
jacarés probably account for a number, 
but the modern demand for hides is ap- 
parently a greater factor in steadily re- 
ducing the number of these quaint and 
highly specialized rodents. Few of these 
are as truly water-loving as the capy- 
bara, which, with his truncate muzzle, 
small eyes and ears, deep body and pig- 
like bristles, seems to have been con- 
structed of odds and ends. Agoutis 
(Dasyprocta), those slender-legged and 
active relatives of the guinea-pigs, were 
occasionally located by the dogs, but sel- 
dom seen otherwise, as they are chiefly 


nocturnal and exceedingly swift in their 
movements as they dash for safer cover. 
The tree porcupine (Coendou), the trop- 
ical American counterpart of our Can- 
ada porcupine, is infrequently encoun- 
tered in the forest areas along the river, 
its prehensile tail added evidence that 
this feature has been a survival factor in 
many of the Neotropical mammalia 

Of the bats of the Rio Parag 


gruay one 
proved of particular interest. The great 
false vampire (Vampyrum spectrum 

the largest American bat, has a wing 
spread of over two feet. It apparently 
is not a common species and is also rela 
tively rare in collections, although it has 
been known since before the days of Lin- 
naeus. For many years it was consid- 
ered to be a_ blood-sucker, and _ its 
technical name was given under this mis- 
apprehension. The true vampires belong 
to the distinct family Desmodontidae, 
and are much smaller species with highly 
lancet-like teeth. 


While several forms of the false vampire 


specialized incisor 
are now recognized, the species ranges 
from southern Mexico to Brazil. Noth- 
ing definite appears in the literature re- 
garding the habits or food of this species. 
From my first acquaintance with mu- 
seum specimens of the 
strongly 


species its 
developed canines always 
seemed out of place in a bat of frugivor- 
ous habits, such as those of many of its 
phyllostomatine relatives. A live speci 
men of this bat, which spread thirty 
inches across the wings, was captured by 
our party and placed in a cage. After 
it had eaten some finely cut beef, a 
smaller bat was placed with it. The 
false vampire promptly seized the 
smaller bat and, holding it with its wings, 
proceeded to devour it. Further experi- 
ments with Vampyrum were prevented 
by the death of the bat. Carnivorous 
habits have recently been reported as 
occurring in the related genus Phyllo- 
stomus, and the observations of our 
party show that at least two genera of 
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American bats share such habits with the 
Old World While 


the work of the true vampires was occa- 


genus Megaderma. 


sionally evident on our horses, no speci- 
mens of them were seen or taken. 

No living edentates are more interest- 
ing and peculiar than the armadillos, of 
three 
many genera, were found by our party. 


which species, representing as 
The most outstanding of these, as well as 
is the giant armadillo (Prio- 
dontes giganteus , or *‘tatu 
This, the largest of all living armadillos, 
measures as much as four feet, nine 
inches from nose to tip of tail, of which 
the powerful, tapering tail occupies over 
The largest digging 

limbs are more than 
large 


oecaslt mally 


the rarest, 
canestra.’’ 


twenty inches. 

claws of the front 
four length. Its 
tunnel-like are 

seen, but the animal is considered rare 
by all the native hunters. We managed 
to secure three, two alive, hoping to 
bring them to the United States in that 
condition, which I believe has never been 
done. Unfortunately, one escaped and 
the other, after feeding satisfactorily for 
a month, refused food and starved itself 
to death. One of these captives gave us 
an excellent illustration of the speed 
with which this most powerful of all 
American digging animals can bury it- 
self out of sight. When but a few feet 
in its tunnel, the efforts of several men 
pulling on its tail were not sufficient to 
dislodge it or even seriously slow up its 
excavation This glyptodont-like 
genus is known to range from north cen- 
tral Argentina northward across eastern 
Bolivia and adjacent south central Bra- 
zil. Any promising young mammalogist, 
who wishes a unique experience in the 
preparation of material, should skin and 
skeletonize a giant armadillo. He will 
learn that for the size it can supply an 
unbelievable amount of hard work and 
tax his resourcefulness to an unequalled 
degree. The primitive Borero Indians 
prize the largest digging claws, which 


inches in very 


burrows 


work. 


are used in pairs to make one of 
most distinctive types of neck penda 
Two ant-eaters are regularly en 
tered in the Desealvados area, the g1 
ant-eater or ant-bear (Myrmecop/ 
tridactyla), the 
and the smaller tama: 


tamandua bandeira 
the Brazilians, 
ant-eater (Tamandua chapadensis 
former, with its strange build, very « 
gate head and broad brush-like tai 
not rare in the pantanal, living la: 
on termites, the hills of which it is a 
to open with its powerful fore ¢ 
When frightened it lopes away wit 
peculiar rocking-horse gait, its gn 
bushy tail going high with each drop 
the fore quarters. Jaguars occasiona 
kill the great ant-eater, but the latt 
ean defend itself most valiantly. Set 


tling back on its hind quarters it 
livers slashing blows wiih its 
limbs, which are armed with four 
claws that cut like seythes. Probal 


only a jaguar hard pressed by hun; 
takes such risks, as these combats | 
been known to end fatally for the ca 
well as the ant-eater. 

The smaller tamandua is arboreal, 
prehensile tail making it quite at hor 
in that habitat. It is not uncommon ; 
was brought to us alive by natives 
One half-grown 


+ 


number of times. 
became a most likable pet, with complet 
freedom of all our quarters, but ra 
battery acid proved too much for its 
nocently inquiring tongue. It fed most 
contentedly on the termites in chunks 
their structures which were demolish 
for the purpose. Assiduously the pi 
gone over, and few termites es 
eaped attention. This peaceful animal 
was never known to make a sound, unt 
one day a captive young crab-eating d 
nipped it; then our placid pet reared 
its haunches, and with several! lightning 
like slashes drove the dog away, while 1 
a high-pitched squealing voice it bid cd: 
fiance to its assailant. 

One of my unforgettable memories 1s 


were 


atin, 


a ee ee 
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f the water birds on the Rio Paraguay 
at the end of the wet season. For vari 
etv and abundance they far surpassed 
anvthing [ had previously experienced. 
Later in the dry season, when the com 
pletion of other work enabled me to turn 
mv attention more to water birds, the 
ab indance and variety was by no means 
so great. The local explanation is that 
the birds follow the receding water down 
the Paraguay. How true this is I do not 
know, but the abundance of early June 
was greatly depleted by early September. 

The vast flocks were made up of many 
species, ehief of which were wood ibis 
Mycteria americana), egrets, group of 
, erying 
and 
most conspicuous and noteworthy of all 
the jabiri (Jabiru mycteria) or ‘‘tu- 
yuyu’’ of the Boreros. This, the largest 
of American storks, stands as much as 
four feet high, snow white with the bare 
skin of the neck and head black, except 
for a collar of red or pink at its base, 
this color covering a gular pouch capa- 
ble of marked inflation, particularly on 
the sides of the neck. The crown of the 
head bears a thin tuft of white hair-like 
feathers, which at close quarters adds to 
the ancient and dignified appearance of 
the bird. The bill of the jabira curves 
up slightly in the end half. The jabira 
nests in tall trees in the caapées or in an 
occasionally isolated one in the campo, 
constructing a huge structure, which is 
apparently added to year after year. 
Occasionally the community nesting 
‘‘eatita’’ parrots (Myiopsitta monachus 
cotorra) use the lower part of the 
jabiri’s nest for one of their colonies. 
The young jabira number two, and were 
still in the nest in August, solicitously 
tended by their devoted parents, al- 
though they were of quite fair size. 

Wood ibis (Mycteria americana) were 
in very great numbers, as late as Sep- 
tember often feeding by dozens in wet 
spots in the pantanal. The great cocoi 
heron (Ardea cocoi) frequented the 


roseate spoonbills (Ajaja ajaja 
ibis ( Molydophane s caerulescens), 


riverine along ¥ the boat-billed 
heron ( . 

night hero Vycti Irn. na and 
the most beautiful of th Paragui 
herons—Pilhe lius Along the 

ways anhingas or snake birds Lp 
anhinga were abundant, and the Bra 
zilian cormorant (Phalacr 

ceus) or ‘‘vigua’’ quite general, while 
the strange jacanas were much in evi 


dence, river vegetation 


The 


schata 


running over 


wild Muscovy duck (Cairina m 

and several species of tree duck 
(Dendrocygna) were in numbers, the 
former particularly on the wet pantanal, 
flying up into trees when disturbed, but 
their time 


river sand- 


apparently passing much of 


As the 


bars became exposed a wealth of 


in such situations 
sand 
pipers, and skimmers 


plovers many 


(Rhyne hops nigra intercedens) tenanted 
them temporarily. 

On the dry pantanal the rhea or Amer 
ican ostrich was clearly the most inter 
esting bird. It was usually met in small 
generally in open _ treeless 
It is to be hoped that the fate 


Argentina has overtaken 


groups, 
campo. 
which in 
interesting genus of ratite birds will be 


this 


prevented in southern Brazil, and that 
there it may be protected from the devas 
tation of the feather-duster trade. Per 
haps vacuum cleaners may be the rhea’s 
salvation. Rheas can hardly be consid- 
ered attractive from the standpoint of 
food, as their natural muskiness alone is 
unpleasant in the extreme. Their eggs 
are used as food by the natives and make 
a most acceptable omelet. The anoma- 
lous seriama (Cariama cristata), the sole 
representative of a family of debated 
relationship, is another most interesting 
eampo inhabitant, as much an enemy of 
snakes as is the African secretary bird, 
which the seriama so much 
The turkey-sized screamer ( Anhima cris- 
tata) perches on the top of some con- 


resembles. 


spicuous tree and vocally advertises its 
presence. 
The most brilliant of the conspicuous 
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land birds of the pantanal is the great 
hyacinthine macaw (Anodorhynchus 
hyacinthinus), the largest of American 
parrots, which, always in pairs and in 
groups of up to sixteen, raucously defies 
you and warns the entire district of your 
presence in their territory, as flying 
quite low, within gun shot, they circle 
above you again and again, until appar- 
ently tired they retire to some tall 
caapoe tree to talk it over among them- 
selves. 

Several other species of macaws, three 
of Amazon-type parrots and four species 
of parrakeets of several genera are regu- 
lar in the pantanal, and all but one were 
seen by our party. Toucans of two gen- 
era (Rhamphastos and Pteroglossus), 
woodhewers of many types and ant 
thrushes of varied character, the glori- 
ous-voiced oven birds (Furnarius), and 
tanagers, finches, orioles and flycatchers 
of many genera made up a large part of 
the marked variety of the smaller land 
birds. <A _ robin-like Planesticus sug- 
gested home, while at the next turn a 
gorgeous manakin dispelled that allu- 
sion. Contingas, however, were not seen, 
while swallows were not numerous in 
species. Woodpeckers were infrequent, 
but three species of kingfishers were 
abundant on the river, and a beautiful 
jacamar (Galbula rufo-viridis), very 
tame and confiding, was common in the 
open dry serub forest. 

The curassows were represented by 
quite a few species, one a great turkey- 
like Crax, while but two species of owl 
were seen, one a Bubo, the other a tiny 
Glaucidium. Of the hawks and the 
earacaras the variety was large and 
ranged from a tiny faleon smaller than 
a sparrow hawk to great brick-red 
hawks, but little smaller than some 
eagles. The everglade kite (Rostrhamus 
sociabilis), with its snail-eating habits, 
found much to feed upon in the literally 
millions of stranded Pomacea snails, left 
on every hand by the retreating flood 
waters. 


About our headquarters the beauti 


red-headed Brazilian cardinals of 
venus Paroaria were abundant and tr 
ful, while barn owls (Tyto alba tuida 


nested in the roof of the church at D 


calvados. 


The most abundant and evident lar 


animal along the Rio Paraguay is 
jacaré or caiman of that district (( 
man species). While not reaching 
great dimensions of some of the sp: 
of Old World ecroeodilians, it makes 


in numbers for its mediocrity in s 


While the average adult is prob: 
about eight to nine feet in length, t 


occasionally reach as much as twelve fi 


or even more. Doubtless jacarés are « 


ceedingly destructive to all wild lif 


a whole, and are also responsible for t 


death of many cattle, particularly ca 
Humans are not immune to their atta 


although they are not as generally d 
verous to man as the African crocod 


i 


A 


Many men, however, have been main 
by them, and one of our party was se! 


ously bitten in the foot by a jacaré w 


tramping in flooded pantanal. W 


them and piranhas as abundant as 1 


are, Swimming in the Rio Paraguay, 
for that matter venturing in the larg 
areas of water any more than necessar 


is not without perils. 


Jacarés like crocodiles use sand-ba 


as sunning places, but also pull out 


narrow bank shelves in the river for 


Often as many as a dozen will be fi 


distributed along a short piece of ri 


bank, but a foot or two above the wate! 


level. They are then quite sluggish a: 


frequently several shots can be fired bi 


fore the last survivors slide into 
water. When in repose on land the | 
is kept raised, while in walking t 
raise themselves upon their legs 


+ 


a 


earry the body clear. Above in discuss 
ing the jaguar I have mentioned the ex 


tent to which jacarés spread over 


+ 


pantanal when the latter is flood 


The Boreros eat the tail of the jacar 








SCuSS- 


he ex- 
r the 
yoded 


jacaré 
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after removing several long tendonous 
muscles. 

Almost no lizards were seen at Descal- 
yados during the dry season, and no 
chelonians except the great Brazilian 
land tortoise (Testudo tabulata), which 
was often encountered when hunting. 
The Boreros insist there are two species, 
one of which is very rare and much 
larger than the other. These animals, 
like armadillos, are regularly eaten by 
them. Armadillos are roasted whole, 
usually on a spit across the fire. 

Of snakes the one most frequently 
brought to our attention was the rattle- 
snake or ‘‘caseavel’’ (Crotalus durissus 
This is not at all scarce in the drier 
campo areas. The Lachesis type of pit 
vipers are also well represented, appar- 
ently by several species. We saw but 
few of these, possibly on account of the 
season. One of our hounds was bitten 
in the jowl by a poisonous snake, which 
was not seen. The two oozing punctures 
were soon surrounded by a rapidly aug- 
mented swelling, while the animal 
whined in pain. A prompt application 
of polyvalent antivenin had marked 
effect in ten hours, and the dog fully re- 
covered in several days. 

Few non-venomous snakes were seen 
except the anaconda, which locally is 
known as the sucuré. In size it does not 
reach Amazonian dimensions, the aver- 
age individuals being not over ten feet 
in length. One large all black snake, 
possibly the famous mussurama, the foe 
of Brazilian venomous snakes, at Santa 
Rosa, not far from Descalvados, made an 
entirely unprovoked attack, coming for 
a considerable distance directly toward 
me, carrying the anterior part of the 
body well elevated. Just as I felt it 
would be necessary to stop the attack 
with a load of shot, the snake suddenly 
swerved, and sweeping about me disap- 
peared in a hole in the ground. Two 
Indian boys who were with me fied, but 
returned to help locate the attacker, 
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who, however, declined to leave his re 


} 


treat. This snake was not less than eight 
feet in length. It reminded one, of 
course on a far larger scale, of the way 


our black snake will occasionally attack, 
but the Santa Rosa charge was 
incentive, and my first knowledge of the 
snake’s presence was its swift advance 


The fishes of the Rio Paraguay have 


furnished the subject for a number « 

the classical papers ot Cope, EKigenmann 
and others. Needless to say, this fauna 
is tremendously rich in species, particu 
larly of the highly specialized Chara 
cinidae. Even with all the previous 


} 


work which had been done, the modest 
series of fishes taken by the expedition 
Many 


the Rio Paraguay would 


added four new species to science. 
ot the fishes of 
be extolled in the highest terms for their 


angling qualities if they were better 
known and their habitat more readily 
accessible. Members of our party who 


were proficient with rod and reel had 


many experiences which would have 
made a salmon fisherman envious. The 
beautiful ‘‘dorado hilari 


which is colored somewhat like, but far 


( Bry on 


more brilliantly than, our striped bass, 
and fights with all the ability of a sal 
mon, is common and runs from about six 


The deep 


which run to 


to nearly twenty pounds. 
bodied Myleus 
even greater weight, are just as power- 
ful. The strange wolf fish (Rhaphiodon 


typicus), like the others a highly special 


pacus 


ized characinid, 
needle-like teeth at the end of the lower 
jaw, which lay over the face when the 


pair of 


possesses a 


jaws are closed. In appearance and ac 
tions the wolf fish makes one think of a 
barracuda. these 
treat the angler’s tackle much as a steel 
trap might, but if the leader and hook 
hold the fisherman will have all the 
thrills he can ask. The 


The jaws of fishes 


omnipresent 
piranhas (Serrosalmus, Pygocentrus and 
Pygopristis 
tebrate life in Neotropical rivers 


are the fish menace to ver- 
Much 
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has been written about them, probably 
many overstatements made, but they are 
undoubtedly the most justly feared ex- 
isting fresh-water fishes. Whether their 
attacks are diverted or encouraged by 
agitation of the water remains unsettled, 
but there can be no question that a 
wounded or disabled man or beast fall- 
ing into their home waters is frequently 
attacked and, unless able to get out of 
their reach, soon devoured or at least 
seriously injured. The taste of blood in 
the water seems to be the chief cause of 
their prompt concentration at any given 
point. I often have set afloat the 
skinned bodies of birds, and generally in 
an ineredibly short time the piranhas 
were at them. In the ferocity of their 
attack they would sometimes leap clear 
of the water. In but a few minutes 
bones alone remained, when the bodies 
were moored so that results could be 
noted. 

Piranhas do not readily take a hook, 
but when they do their triangular inter- 
locking teeth play havoe with tackle. 
We trapped many in a eage trap, and 
used them for food. Captive young 
jaguars were frequently fed on them, 
and it is probable that, under certain 
circumstances, they may constitute part 
of the varied natural food of these cats. 
Piranhas must be stunned or killed by 
a blow before being handled. They are 
very tenacious of life, and if laid in the 
bottom of a canoe, without this precau- 
tion, they are able to vault their bodies 
into the air, and snapping teeth are thus 
a constant menace as long as life lasts. 

The two most striking fresh-water 
mollusks of the Paraguay at Descalvados 
are Pomacea insularum and Marisa 
planogyra, the latter described from the 
expedition’s collections. The dead shells 
of both literally pave great areas of the 
pantanal, particularly those sections 
which are more deeply inundated during 
the flood period. I have seen few living 
ones of either, stranded or in very shal- 


low water, and it is difficult to s 
living material, at least in the dry 
son. Most of the dead Pomacea 
been punctured, apparently by the E 
glade kite, which feeds upon m 
Few more remarkable resemblance 
ie adult MV 
planogyra and our well-known 


1 


ist than that between tl 


water genus Planorbis. I presum 
was collecting a very large Plan 
which genus I know in our home str 
My colleague, Dr. Pilsbry, soon p 
out my error and showed me the an 
laroid type young. The flattened sp 
of the adults may be nearly an inch 
a half across. The bivalve mol 
were represented by the genera An 
tites and Diplodon, while doubt 
numerous others would have been 
eured if time had permitted exte1 
search. Few land mollusks were not 
in the dry season, except for the lar 
pink-lipped, white Strophocheilus 


textus, which was found dead in de) 


dry caapdes. Living adults were p: 
ably safely hidden from the withe: 
effect of many weeks of sizzling drou; 
The dry season insect life was 
seanty, being but an infinitesimal 
tion of that I have found elsewher 
the American tropical and subtropics 
the wet season. That the pantana 
rich in the wet season we know from 
work of H. H. Smith at Corumba 
the dry season there was not a si! 
night producing the rich and var 
flights of moths so frequently seen d 
ing the rains, but an occasional 


individual coming to our eleetrie light 


the only illumination for many m 
Diurnal insects were inconspicuous 
few, except for a limited number 
small beetles and bugs. Wasps and | 
were rare, except for colonies of the 
teresting black stingless bees Trigona 
Ants and termites were, of course, 
generally evident as elsewhere in 


tropics. The structures of the termit 


dotted many parts of the pantanal, p 


+ 
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heicht 
they reached as much as twelve feet, and 


arly the campo areas. In 


n such eases were always slenderly coni- 
and never domed. 

The stridulating Orthoptera were lit- 

tle evident, Acrididae 

were to be found in the dry campo, in 

open woods and the tall cover of wet 

latter of the elongate 


although certain 


pantanal—in the 


type adopted for clinging close to a 
| 


stem. A rough and shagreenous grass 
ver of the genus Ommerecha pre 
ferred the dry 
trails, while equally protectively colored 


hop} 
ground of roads and 
Diedronotus hopped among the fallen 
twigs of bush cover. The strange pros- 
copid grasshopper Cephalocoema, which 
in its elongate form superficially suggests 
the walking-stick phasmids, was occa- 
sionally encountered in low bush, which 
also is the preferred habitat of many of 
its near relatives. 

We have heard of the plan for keeping 
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parts \1 a as perma! 
to show the future what Af 
white men came w t 
Pleistocene earried on i 
There is 1 aul except 
of Austra ] ! ‘ 
T1\ than the Neot 
The e few p » whe 
and an re S 
turbed l as readily se 
pantanal « P 
perhaps hop 
may be made conserve 
wild land bi ‘e the { 
mals and birds, as well as 
of the more e spieu s lj 
reduced t e vanishing pi 
In the pantanal of the 
truly have the Neotr pl 


fauna more 


sented, an 
than in a 


forests oO! 


vertebri 


vy and abundantly repre 
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MATHEMATICS DEVELOPED BY THE 
COMMON PEOPLE 


By Professor 


UNIVERSITY 


A STRIKING instance of the develop- 
ment of mathematics by the common 
people is the adoption of our common 
number system to the base 10. This is 
commonly assumed to be due to the fact 
that in early times people counted by 
means of their fingers and hence it has 
apparently no connection with the suit- 
ableness or the unsuitableness of the 
number 10 for this purpose. It is neces- 
sary to bear in mind the influence of 
the common people in the development 
of mathematics in order to explain such 
recent observations as the following: ‘‘I 
have tried, in other fields, to show the 
incredible confusions, of which the whole 
world is now one seething example, that 
followed from the invention by the 
Hindu mathematicians of negative quan- 
tities, and their justification from their 
analogy to debt.’” 

A part of these confusions are due to 
the fact that when negative numbers are 
used we have to admit that the ratio of a 
smaller number to a larger number can 
be the same as the ratio of a larger num- 
ber to a smaller one, as results from the 
equation —1/1=1/-—1. We have also to 
admit that a number can be less than 
zero, and hence that there are things 
which can be regarded as less than 
nothing. It is clear that as long as only 
positive numbers were used it seemed 
logical to say that the ratio of a smaller 
number to a larger one is always less 
than the ratio of a larger to a smaller, 
and that zero is the lower limit of the 
real numbers. Mathematicians naturally 
abandoned these views reluctantly, and 
even during the latter part of the eight- 

1F, Soddy, ‘*The 
Atom,’’ preface, 1932. 


Interpretation of the 


G. A. MILLER 
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eenth century there were some 
argued that the use of negative num 
should be abandoned, since they see? 
to lead to erroneous conclusions. 
people, however, continued their us 
view of the many advantages whic! 
use presented, notwithstanding the 
that a clear theory of these numbers 
then still lacking. 

The use of negative numbers prec: 
a satisfactory theory thereof by 1 
centuries and it now seems unlikely 


the Hindu mathematicians contribut 


anything towards the establishment 
this use in Europe. It is more proba 
that the European mathematicians beg 
to use these numbers independently a 


later developed a theory which justif 
Hindu mathematicians 


this use. The 
however, deserve the credit of hav 
used these before they 
known to have been used elsewhere, 
their work along this line is not kn 


numbers 


to have had any effect on the later d 


velopments by the Europeans. In 
ticular, the Arabs, who 
much of the early mathematical kr 
edge to Europe, did not adopt the n« 
tive numbers of the Hindus. In a 
tain negative numbers for 
themselves on the attention of mat 
maticians in view of the simplificat 
which their use made possible and 
therefore present a very interest 
feature of the development of our s 
ject. 

It is 


sense 


well known that the anci 


Greek philosophers at first considered 


desirable to restrict the number con 


to positive integers which exceed unit 


as is illustrated by the following defi 
tion: ‘‘A number is a multitude 


transmit! 
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ts? This view was supported by 
<yeh eminent philosophers as Plato and 
Aristotle. Notwithstanding the emi- 
. of its supporters, it was gradually 
ndoned by various Greek writers 
found it 


among the numbers even if it 


convenient to include 
is fundamental characteristic proper- 
s which led many others to regard 
numbers but 

as itself a number. In particular, 
Theon of Smyrna (about 130 A.D.) as- 
serted that unity is not a number, but 
soon thereafter he included it among 

odd numbers as well as among the 


as the source of all 


natural numbers. 
This inconsistency on the part of 
Theon of Smyrna is typical of certain 
mathematical developments relating to 
questions in regard to which eminent 
uthorities pointed one way and actual 
applications by the common people ex- 
hibited an easier way from the stand- 
point of these particular applications. 
Not only did unity thus secure an en- 
trance into the number concept, but this 
concept had to be extended so as to admit 
the rational fractions, the irrational 
numbers, zero, the negative numbers, 
and finally the complex numbers. In 
fact, unity and the rational fractions 
had been accepted as actual numbers 
long before the ancient Greek philoso- 
phers endeavored to exclude them for 
the sake of securing thereby a simpler 
philosophical theory. The development 
of mathematics has frequently been domi- 
nated by the use made of it by the com- 
mon people and not by the theoretical 
considerations advanced by the philoso- 
The theory had at times to 
accommodate itself to the uses, since the 
uses failed to accommodate themselves 
to the proposed theory. 

The late Felix Klein (1849-1925) ex- 
pressed the influence of some such uses 
in the following words: 


phers. 


‘We have re- 
peatedly emphasized what an important 
? Book VII, Euclid’s ‘‘ Elements. ’’ 


MATHEMATICS 


part in the development of the science 
has been played by the algorithmic pr 
ess, aS a quasi-independent, onward 


driving foree, inherent in the formulas, 


operating apart from the intention ar 

insight of the mathematician, at times, 
often indeed in opposition to them. In 
the beginnings of the infinitesimal ea 

culus, as we shall see later on, th 
algorithm often forced new notions and 
operations, even before one could justify; 
their admissibility. Even at higher 
levels of the devel pment, these algorit] 

mie considerations can be, and actually 
have been, very fruitful, so that one can 


justly call them the groundwork 


mathematical development. We must 
then completely ignore history, if, as is 
sometimes done to day, we Cast tnese ll! 


cumstances contemptuously aside as 
mere formal developments.’’ 

The algorithms connected with the 
solution of the algebraic equation cons 
tute one of the clearest illustrations « 
these remarks. Some writers have ex 
pressed the view that even the ancient 
Babylonians, about 2000 B. C., observed 
that some quadratic equations have two 
roots, and hence that equations which 
explicitly involve only one unknown may 
actually involve more than one. No in 
stance is, however, yet known where it 
was explicitly stated before the 
ning of the Christian era that a given 
algebraic equation is satisfied by 
than one number and hence may yield 
more than what was explicitly put into 
it. While the 
solved certain quadratic equations ac 
cording to the modern 
made some progress in the solution of 


ancient 


Babylonians 
formulas and 


cubic equations these algorithms re- 
mained fruitless as regards the extension 
of the number concept not only in their 
hands but also in the hands of tl 
3‘*Elementary Mathematics from an Ad- 
vanced Standpoint l 
from the German by Professors E. 
and C. A. Noble, University of California, V 


1, page 79, 1932. 


Translated into English 
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cient Greeks during their golden period connection with counting. If t 
of mathematical development at the time tion is asked why the mathen 
of Euclid, Archimedes and Apollonius. uses the same name for such d 
The first fruits as regards the exten- concepts and thus in a certain sens 
sion of the number concept to which the brought ‘‘inecredible confusions’’ 
solutions of quadratic and cubic equa- his subject, it should be noted t 
tions contributed largely relate to the confusions would have been still 
irrational and the negative numbers. It if he had failed to follow here t] 
has recently been established that the matism of the common peop 


theory of the former, which was devel- common properties of the different 

oped by Eudoxus (about 410—356 B.c.). of numbers have been found , 
differs only formally from the modern weigh their diversities in actual ap : 
theory, commonly known as the Dede- tions. This was not the discover) 


kind cut. This theory has a remarkable few men, but the resultant of tend 
history, since it constitutes probably the which were frequently conflicting 

only instance in the history of mathe- denounced. 

matics where a sound doctrine was The philosophers have done mu } 
abandoned for two millenniums because wards establishing order in mat 

it was opposed by one man. In the _ ies, but they have been most succes 
present case it was Aristotle who used when they followed the lead of the 
his strong influence so successfully in mon people. When they tried to 
opposition to what appears to us now as_ the number concept, as the a 

a satisfactory doctrine of irrational Greeks did, they hampered the o1 ‘ 
numbers, but his influence could not march of mathematical progress inst 
deter the common people from using of contributing thereto. It is only 1 
these numbers without a satisfactory ral that the devotees of this sub): 

theory therefor, just as they used nega- at times been perturbed as regards 


tive numbers for a long time before the future. Already in 1869 H. Hanke 
development of a satisfactory theory led to compare mathematics wit | 
relating thereto. Tower of Babel because the mathe 

The late H. Poinearé stated in an cians speak such different langu 
address read at the Rome interna- and in an addendum to his well-k: : 


tional mathematical congress, 1908, that ‘*‘Erlanger Programm,’’ Felix Klei 
‘mathematics is the art of giving the marked that the extensive confusi 
same name to different things.’’ For languages in mathematics appears 
instance, the number concept originated have a serious but undesirable tend 
from the counting of similar objects, but towards the self-blocking of all mat 
it was extended in prehistoric times to matical progress Fortunately, 
the counting of dissimilar ones, as is unifying and clarifying notions as ! 
illustrated by the fact that in the ancient tions and groups tend to simplify 
Egyptian Rhind Mathematical Papyrus mathematical language and also 
(between 1788 and 1580 B.c.) such body experiences of the common p 
different objects as houses, cats, mice, The ancient Greek term ‘‘ geomet 
ete., are added and that a special word which is etymologically equivalent 
for the abstract unit appears therein. modern term surveying, exhibits that 
This primitive counting origin of the practical needs of the common pr 
number concept is very different from contributed towards the development 
the modern concepts of irrational and _ this large branch of mathematics. I 
complex numbers, which have no direct cent discoveries relating to al 
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ian mathematies show that the 


B 
ial needs of these people made 

mselves felt in very early times, since 
include ge metric problems which 

S - to imply a knowledge of the so- 
| Pythagorean theorem long before 
Pythagoras was born. In fact, the old 


st extant Babylonian mathematics is 


rgely pure mathematics and shows that 


mathematical interests of the people, 
ven in those early times, were in- 
spired by a desire to understand the 
nature of imaginary situations which 
not likely to arise in practical life, 
including the use of such a large number 
as 195 955 200 000 000 = 60° + 10.60°. It 
is a great mistake to assume that the 
( interested 
only in applied mathematics. The his- 
civilizations 


mmon people have been 


tory of the pre-Grecian 
seems to imply that they were, however, 
not much interested in rigorous proofs 
according to modern standards. 

The most important difference be- 
tween the mathematics of the common 
e and that of the philosophers is 


that the former is based upon implied 


peopl 
postulates, which are not necessarily in- 
dependent, while the latter employs ex- 
plicit postulate systems and aims to 
reduce the number of the postulates to a 
minimum. In both eases the correctness 
of the results depends upon the correct- 
ness of the postulates, and in both cases 
the confidence in the correctness of 
these results has the effect of producing 
a feeling that eternal truths are under 
consideration. The geometric develop- 
ments of Euclid’s ‘‘Elements,’’ which 
are explicitly based upon a system of 
postulates, inspire no more confidence 
than the table of unit fractions which 
appears in the older Rhind Mathemati- 
cal Papyrus, where no such system ap- 
pears. The modern student of elemen- 
tary mathematics who is inclined to 
reflect on the nature of these courses 
may be helped by bearing in mind that 
both the common people and the philoso- 


phers have had a share in providu 
mathematical material With \ I e 18 


confronted. 


With the advent I rint 


o 
matics as we as the other sel s 
came more and more enslaved to books, 
and the d vel pment of nat mat 
became more and 1 irgely ned 
to those who st { thes ks \\ 
the increase i e number iN yl 
books cooperation in the adva ! 

our subject became more effi One 


type of cooperation is represented by 
the mathematical societies, and it is 
interesting to note that the commor 
people took an active part in the ea 


fa 


organization of 


such societies. The 

est of these which has survived through 
more than two centuries is the ‘‘Mathe 
matische Gesellschaft zu Hamburg 


organized in 1690. During the first hun 


dred vears of the existence of this 
society the most learned mathematicians 
of those times failed to join it, so that 


its membership was composed largely 


school teachers. bookkeep rs. 


common 
merchants, ete. The vreat advances 
made during this period in the develop 
ment of analytic geometry and the eal 
culus were not due to members of this 
society and were not promulgated by 
them. 

A noted early 


English mathematical 
society was founded at Spitalfields in 
1717 and was taken over by the Royal 
Astronomical Society in 1845. This 
was at first little more than a working 


man’s club at which questions of mathe 


matics and natural philosophy were 


discussed every Saturday evening 
Each member present at a meeting was 
entitled to a pint of beer at the common 
expense, and it was the duty of every 
member who was asked a mathematical 


question Dy} 


or philosoph cal 


member of the society to answer the 


1 


question to the best of his ability The 
society accumulated a valuable library 


and its rooms became headquarters for 
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lectures on various scientific subjects. 
While it later included among its mem- 
bers some of the leading English mathe- 
maticians it is mainly interesting in the 
present connection in view of the fact 
that it was organized by the common 
people and exhibits the influence of these 
people on early organizations of mathe- 
maticians. 

The secondary base 60 which appears 
in our tables relating to the measure- 
ment of time and of angles can be most 
easily explained in accord with the 
known historical facts by assuming that 
the ancients selected it in order to assist 
the common people to avoid the use of 


common fractions. The numbers 3, 4, 


] ] 1 
t> 5» G6» 


the ancient Babylonians by 30, 20, 15, 
12, 10, respectively. The primary base 
10 is not well suited for the avoidance 


of common fractions, since even 4 and 3 


were commonly represented by 


do not appear as integers when this base 
is used. It is a very singular fact that 
the ancients failed to employ a symbol 
corresponding to our modern decimal 
point, which enables us now to avoid the 
use of common fractions. While every 
real number can be represented as an 
infinite decimal number, comparatively 
few of them can be represented as a 
finite decimal. Those which can be thus 
represented are, however, of special his- 
toric and practical interest. They ob- 
viously are equivalent to the common 
fractions whose denominators involve 
only powers of 2 and 5. The base 60 is 
much better adapted than the base 10 
for the avoidance of common fractions, 
but even 4 does not correspond therein 
to a finite integer when the point corre- 
sponding to our decimal point is omitted. 
Hence the modern student of mathe- 
matics naturally finds it difficult to 
explain the extensive use of the base 
60 in ancient times and its persistence 
in our modern tables. Such difficulties 
point, however, to the influence of the 
common people on the development of 


our subject and provide materia 
harmonizing hypotheses. 

One of the noteworthy features 
development of mathematics is t 
has restricted the field of the pu 
which have always interested thx 
mon people. The Indian mathemat 
Brahmagupta (born 598) is said t 
remarked near the end of his alg 
that 
does the proficient eclipse the @] 


é 


as the sun obscures the sta 


other astronomers in an asseml 
people by the recital of algebraic 
lems, and still more by their solut 
The hau or ‘‘aha’’ problems « 
Rhind Mathematical Papyrus hav: 
times been called puzzle problems 
it is probable that they were 
regarded as such, but they now n 
regarded as linear equations in 
known and hence they come w 
well-known general algebraic theory 
first of these is problem 24 and rea 
follows: ‘‘A quantity and its 4 
together become 19. What is the 
tity?’’ The puzzles presented by 
vidual problems cease to be p 


au 


; 


when it is recognized that they 

under general theories and hence 
development of mathematics tends 
wards the eradication of various pu 
which were sufficiently elementa1 
interest the common people. 

While the sense of discover’ 
probably always furnished one 
most forceful inspirations for n 
matical study, the growth of the n 
matical literature naturally tend 
make it more and more difficult to d 
mine whether these discoveries 
actually new and are not involv 
special cases of a general theory. 
common people are thus deprived 1 
and more of the incentive furnis! 
the feeling that they can make 
contributions towards the advance! 
of mathematical knowledge. T! 
probably not the most serious obst 
towards the maintenance of their 








st in mathematics. The feeling 
thev might be regarded as ignorant 
expressed their views to those 
enjoyed better advantages to be- 
acquainted with what is_ well 
wn is probably a more serious de- 
rrent factor on the keen interest of 
‘common people in advancing science. 
. difficulties involved in securing the 
necessary knowledge to understand the 
nature of the modern developments in 
mparatively new fields are naturally 
viewed with some misgivings by those 
vho realize that the effectiveness of 
scientific knowledge depends largely 
n a wide-spread understanding and 
se thereof. This is especially true of 
such a basic and abstract science as 
thematics aims to be. 
The influence of the common people 
n the adoption of tables of weights and 
measures and on the problems of com- 





mercial arithmetic is noteworthy. The 
Liber Abbaci (1228) of Leonardo of 


Piso is one of the most favorably known 
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early works i 
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lems receive 1 
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teresting ques 


tance ol bDelng 
S¢ nmdary s I 
tion. The dat 
1202 and 

which are nov 
country give 

the fact that 

in I I he « rT 
sidered in part 
of volume 2, M 
lesungen tber 
matik.’’ It is, 
the original s 
to justify the u 
this particular 
ticular case 
familiar wilt 
information tl 
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THE PLACE OF SOIL IN THE BIOLOGICAL 





COMPLEX 


By Dr. CHARLES E. KELLOGG 


NORTH DAKOT 

Sor. science, as an independent disci- 
pline, is of rather recent origin as ecm- 
pared to oft 
Befo 


more or less incid 


her branches of knowledge. 


re 1870 the study of soils was only 
ental in various other 
fields, such as chemistry, botany and 
geology. As geology became an estab- 
lished discipline with a growing body of 
the of 


methods for studying 


information regarding nature 
with 
their 
this branch 


rocks and 
weathering 
took 


Many of these sti 


rocks and products, 


scientists in some in- 


terest in soils. idies 
were fruitful, provided that they wer: 
in an 
area having essentially uniform climate, 
vegetation, ¢ and relief, any differ- 


ences in parent rock would frequently 


confined to a small area; that is, 


ive 


vive rise to differences in soils. But 
these differences were difficult to inter- 
pret in terms of native or cultural 
plants. 


It was observed that if a section were 
made through any soil it is made up of 
several layers, or horizons, called, col- 
lectively, the soil profile. And unlike the 
layers in a body of sediments, a genetic 
relationship exists between the horizons 
of the profile: they evolved together. It 
was further observed that whereas rocks 
occurred quite promiscuously all over 
the world, limited to 
rather definite geographical areas. Thus, 
for example, the Podzols, the Chernozems 
and the Laterites were found only in 
certain distinct climatie and biological 
regions. With the recognition of this 
definite element of geographicity of soils 
came the conception of soil as an inde- 
pendent natural body. The naturalist 


soil types were 


was now in a position to study the soil 
from an entirely scientific point of view 
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without being restricted to pri 

vestigations. Thus a new dis 

arose about 1870—pedology. 
’'rom a consideration of this pr 


of geographicity there follow seve 


portant deductions regarding 
fluences in operation during the 
As the chief fae 
rainfall, 
humidity, it will be obvious t 


tors of 


of a soil. 
are temperature and r 
hat 
influence the amounts of various 
cal elements and compounds in 
and further, that any influences 
bear upon these climatic factors v 
reflected in the soil. For this reas 

is clear that soils will be influenc: 
vegetation and relief which modif 
conditions of moisture and temperat 
And, as the process is essentially o1 
evolution, time will be important 
the cooling and moistening of th« 
face depend somewhat upon the 1 
of the underlying rocks, and as ext: 
in chemical and mechanical composit 
of the rocks will 
the soil, it is clear that the parent 
will need consideration. A graphic i 
tration of these factors could be s! 
thus: Soil=f (Climate, Vegetation, 
lief, Age, Parent Rock). 


influence the salt 


THE DEVELOPMENT OF PARENT MAT! 
The first step toward the developn 
of a soil is the accumulation of par 
material. Weathering proceeds ur 
the influence of physical and chen 
forces. The action wind, 
water, ice and temperature changes 
to disintegrate large masses of r 
Under the chemical influence of wat 
earbonie acid and oxidation-redu 
reactions the chemical composition of t 


of mov 











SOIL IN THE 


1 read ) Irs some f 

actions are going on in the soil, but 

L thev are merged with other forces 
r magnitude. These chemical 


; during weathering are quite 


lifferent climatic régimes 


© under ¢ 


‘nal differences, especially tem 


and the 


determine the rate 


reactions 


n of the 
lhe createst mass of the mineral mat- 
j ter in rocks is composed of silicates and 


no-silicates. Such rocks as lime 


eontain, of course, the alkaline 


metals in the earbonate form, but 


st of the eations (7.e., ions having a 


nositive charge exist in the rocks com 


} 


ned with silicie and alumino-silicic 


ids. Under the weathering processes 
ese salts are hydrolyzed to form the 
S alumino-silicic acid and the carbonate of 


he eation, thus: 


K.0-ALO,+-6Si0 + 3H.0 — 
2KOH + 2H.0. ALO, . 2S8i0, + 48i0, 
; 2KOH + H,CO, — K,CO, + 2H,O 


earbonates of iron and manganese 


unstable and 


7” are decompose to the 
oxides. By various interrelations many 
mo. - anions and eations combine to form 


sodium chloride, 
host of 
solubility. 


itther salts, such as 


potassium sulfate and a com- 

} pounds varying greatly in 
ts These are removed or are accumulated, 
;' lepending upon the degree of moisten- 
1lius ng and the position of the water table. 
how The weathering process goes on under 
R essentially sterile conditions and should 
in no sense be confused with the forma- 


n of soil. 
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ment THE GENESIS OF Sor 

arent Some time after the accumulation of 
nder parent material there is an introduction 
f living matter. 
ving ing matter 


As respects soil, liv- 


presents two different 


Ss act aspects: (1) synthesis and (2) decom- 
ocks position. For the purposes of general 


rater ; consideration there are two great groups 
of plants which synthesize organic mat- 
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ean sais oO 
d S l 
ye ) ‘ 
. 
i ~ 
~ 7 . jy ? ~ 
Shae : 
rg sms 
mi el Ji\ ] 
ucts ) 
prod s, wi pl sses 
plet n \ | eSS S 
namely, carbo xide, W ! 
but the products ! { < 
any moment al! q te differ 
organi¢c acids r salts, ] 
through ‘ iVviIT\ ru 
soluble: while those result : 
terial action are relatively insolubk 
Thus the tw sses ! ro-popu ! 
have entirely « ! nfluences 
development of s 
Before examining the influence of a 
biological community in the development 
of soil the nat ir I ti eolloids in 
soil should be briefly considered. Thess 
colloids, which have been e; 
‘protoplasm of the soil,’’ ar 
reneral types: (1) the inorg \ 
constitute the fine portion tf the ay 


are made up of alumino-silicates res 
ing largely from the partial weathering 
of the feldspar minerals; and (2 
organic, which are chiefly composed of 


lignin and result from the decomposition 


of organic matter These ec ds ab 
sorb cations by the ordinary base ex 
‘hange reaction, according to the relative 


concentration of the various cations 
present; and their properties vary enor 
mously, depending upon which cations 
principal 


designated as the 


are absorbed. There are three 
types which may be 
hydrogen-colloid, the sodium-colloid and 


the ecalcium-colloid In the absence of 


flocculating electrolytes the hydrogen 
eolloid is acid and easily dispersed into 


colloidal suspension ; the sodium-colloid 
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is highly alkaline and is the most easily 
dispersed ; while the caleium-colloid is 
mildly alkaline and remains in a floccu- 
lated state. Obviously, the first two can 
be easily leached from the surface soil, 
while the calecium-colloid will not be so 
leached. These mobile colloids may be 
flocculated in a lower horizon giving rise 
to a layer high in its percentage of clay. 
Such a layer, called the ‘‘B’’ horizon, is 
frequently indurated into a sort of sand- 
stone in the ease of the Podzol. 


THE SOIL-BUILDING PROCESSES 

Depending upon the nature of the 
environment, there are three principal 
types of soil formation—ealcification, 
podzolization and laterization. The cal- 
cification process is maintained under 
conditions of restricted rainfall. There 
is some leaching, but not enough to re- 
move the carbonates of the alkaline earth 
metals and they accumulate in some 
horizon of the soil profile. The vegeta- 
tion consists of grasses, or grass-like 
plants, which are heavy feeders on the 
bases, especially calcium. The promi- 
nent organisms are bacteria. 

Under such conditions the plants 
bring bases from the lower to the sur- 
face soil in such large amounts that the 
colloids, both organie and inorganic, re- 
main floceulated. The products from 
the decomposition of the organic matter 
by bacteria are relatively insoluble and 
remain in the upper part of the soil. It 
might be added then that this soil proec- 
ess conserves those elements considered 
as essential for the growth of crop 
plants. In the accompanying sketches 
are shown two important examples of 
soils developed under such conditions— 
the Chernozem and the Sierozem. The 
Chernozem is developed under conditions 
of sufficient moisture to give a luxuriant 
grass vegetation with the accumulation 
of a large amount of organic matter, 
while the Sierozem approaches the desert. 
Intermediate between these two are the 


Brown soils. The great wheat la: 
the Americas and of Russia are 
on the Chernozem and Brown soils 
The podzolization process of soi 
mation is dominant throughout t!] 
mid regions but especially in th 
northern part. Here there is suffi 
moisture to remove the soluble salts, 
of the alkali and of the alkaline 
metals, completely from the soil. 
chief vegetation is forest and the 
prominent organisms are fungi. Fo. 
are not as heavy feeders on bases as 
grasses. In this respect there is a great . 
difference between the coniferous 
and the deciduous trees. The cor 
feed very lightly on bases, shed 
leaves slowly and, due to their resi 
nature, these leaves and twigs decon 
more slowly than do those of the di 
ous forest. Because of the toxic a 
of the tannins from the trees on ba 


and because of the low content of | . 
the fungi are more prominent a! 
products of the decomposition a 
organic matter are relatively solub z 
As the trees do not furnish e ts 
bases to the surface of the soil f pn 
complete neutralization of the car! a 
acid dissolved in the rain water, thi 
exchange colloids, both organic and i Be . 
ganic, become saturated with hydrog sek 
In this condition the colloids are eas th 
dispersed and are leached downwa! ve 
into the lower horizons of the soil prot! 7 
Further, the iron appears to be in 1 li 
reduced form near the surface in tii 
presence of the organic anions (1.¢., ions ay 
having a negative charge) resulting Cher 
from the decomposition of the orga Podz 
matter. This reduced iron moves d TI 
ward in true solution, but as it passes the I 
out of the influence of the soluble ia 
ganic matter it is oxidized and precip! tomes 
tated in the lower horizons. wees 
Thus in the case of the Podzol de- ets 
veloped under extreme podzolizat The 
an entity entirely different from | very 


Chernozem is produced, even from t arow 
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al parent material. The surface 

the Podzol has been impoverished of 
bases, nitrogen and colloids. The soil is 
Almost nothing 


ly acid throughout. 
silica remains in the white, leached 
ron near the surface, while a more 
ense horizon in which iron and alumina 
ve accumulated it. Natu- 
y, such a soil is considered infertile 
the ordinary plants cultivated for 
uman food, though it 
| a native vegetation that has evolved 


underlies 


even supports 
th the soil. 
The great soil zone immediately south 
e Podzol has been, until recently at 
ast, the most important since the days 
e old Roman Empire. 
western civilization is largely developed 
The 
is similar to that of the Podzol, 
xcept for the higher temperature. The 
forest is chiefly of deciduous trees. As 
he leaves are shed every year there is a 


Our present 


n these Gray-Brown Forest soils. 


mate 


greater mass of material deposited on 
the soil from these plants than from the 
coniferous trees; and further, the de- 
siduous trees are heavier feeders on the 
bases, especially calcium, than are the 
pines and spruces. Thus, more bases are 
returned to the surface of the Gray- 
Brown Forest soils and they do not be- 
come as highly acid as do the podzols. 
Although these soils are developed under 
the same podzolization process, it is less 
intense and the surface horizons contain 
more organic matter and more nutrient 
The soils are, of course, much 
less fertile for most crop plants than the 
Chernozem, but more fertile than the 
Podzol. 

The laterization process, peculiar to 
he Laterite soils, is operative under the 


elements. 


extreme moistening and high tempera- 
tures of the tropical climates. The 
weathering process under which the par- 
ent material accumulates is very intense. 
The hydrolysis of the minerals goes on 
very rapidly, such that the 
around the individual particles of min- 


solution 
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eral is neutral or slightly alk: 
reaction. Furthe e vegetation g 
and decomposes very rapidly, bring 
bases to the surface in large amou 
Under the influence: this all 
action the silica becomes soluble, es 
cially the silica of the alumino-s 
complexes. Bu » iron and 1 
are resistant and remail H 
is developed a pal t material ior s 
consisting largel) f iron oxid 
alumina with quartz silica, mang 
and resistant compounds less 
tance. After hydrolysis has gone 
to completion, the bases are so dep 
that further weathering results 
acid reaction in the s As soon as 
soil becomes acid the podzolization p1 
ess becomes impinged upon the n ! 
accumulated through laterizatio 
There may be said to be 13 
great soil zones, of w ft of the 1 
important are shown in accompanyir 
sketches. Each of these has deve pe 
under a particular set of conditions « 
climate, vegetation and relief. Fur 


subdivisions wit 
result of differences in 
material. 


Tue BriotogicaAL COMPLEX 


In the study of any phase of th 
l or 


scape—plants, soi 


the utmost importance 


eto appreciate tha 


animals—it is of 


+ 


the landseape has evolved as a whole 
The present state of any soil, or of ar Vv 
other part of the landscape, represents 


an equilibrium between many forces 


is continually moving—dynamic 


change in climate or vegetation 


ately upsets the biol 
the arts 


and 


System SI 


,: : , ’ 
lmmedal 


direction of another equilibrium point 


nr) 
il 


Although the climate and vegetati 
] 


the most directly 

eral, the most commonly import 
phases of this biological complex 
which the soil is a part, many less o 


vious features are important and ma 


Re 
al 


ni ticeable and, in ren 


ant 


b 


} 


ical equilibrium 


moving in the 


e 


y 
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Profile 


Vegetation 


PopzoL 


A very thin organic 
layer lies on top of 


gray leached soil 
which is over a 
dark brown hori- 
zon, 


Coniferous forest 


GRAY-BROWN 
FOREST 


A rather thin or- 
ganic layer lies 
over grayish-brown 
leached soil which 
is over a brown 
horizon, 


Deciduous forest 


CHERNOZEM 
Black soil, grading 


into a whitish cal 
careous horizon. 


Tall grass prairie 


Temperate to cool 


SLERO 


Grayish soil, g 
ing into lighter 


careous mater 


Short grass 
desert plants 
Temperate t 


Climate Cool Temperate 
Moist Moist 
Fertility (crop Low Medium 


plants) 


Sketches of the Profiles of Four of the Great Soil Groups. 


Arid 
Medium to | 
irrigated 


Semi-arid 
Very high 


These sketches show the gr 


differences in the profile character of mature soils in equilibrium with different biologica 


plexes and developed from identical parent material. 


change the entire procedure. Itasca 
Park in Minnesota can be cited as an 
example: This area was set aside by law 
to remain in the ‘‘natural state.’’ The 
destructive works of fire and man were 
to be controlled and the area allowed to 
develop in a natural way as an example 
of the normal biological complex of the 
region. It was thought expedient, how- 


“e 


ever, to destroy the wolves, which prey, 
not only upon the animals in the park, 
but also upon the live stock of nearby 


Each section is 54 inches in depth. 


farms. 
ral predators of the beavers and 
deer, these latter species have acc 
ingly increased enormously. Compet 
tion for food among the animals 
resulted in the destruction of the as} 
trees near all the lakes and streams | 
the beavers and of the young pine repr 
duction by the deer. Such a chang: 
vegetation has also, of course, upset 
normal soil development in the a! 
This case has been mentioned mere) 


Since the wolves were the natu- 


¢ 
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strate the delicate balance which ex- 
sts between various parts of the biologi- 
c ymplex the whole is one evolution- 
complex. 
Man himself is a part of this complex. 
the 
litions which would exist in his ab- 


Obviously man’s activities 


upset 
sence. But if man is considered as any 

‘r organism, adjusting himself to his 
environment as best he can, then man is 

a position fundamentally like that of 
organism of the 
this light, the 
made by man are normal changes. 


any other complex. 


Considered in changes 

Of great importance to man are the 
adjustments himself 
according to the biological complex in 
which he finds himself. That the folk 
songs and other cultural attributes of 
man bear a direct relationship to the 
landscape in which they are developed is 
well known. In man’s struggle for food 
and shelter, adjustments of far-reaching 
social are made. Those 
plants which are grown for human food 
and for the food of domestic animals are 
rather limited. Naturally those plants 
and animals which most nearly approach 
the native organisms that formed a part 
of the biological complex will develop 
the best. The cereals may serve as an 
example. These grass-like plants are 
similar to the native grasses of the Cher- 
nozem, but they are very unlike the for- 
est, especially the coniferous forest of 
the Podzol zone. It is said, therefore, 
that the Chernozem soils are more fertile 


which he makes 


consequences 
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than the P soils. This Is 

In respect to cer plants. Certa 
other plants, such as pine trees, find 
their best (mos S i gy 
Podzols. Each of t reat s / 3 is 
most fertile for certain plants put th 
plants which m raises e 
for the most part, quite w 

native to the Pod G Brown |] S 
and several ot } ts nes 
Man must then alter the soil which is 
fertile for pine trees in order to grow 
other plants which he wants But he 
need only plow the ground in the ¢ 
nozem and Brown soil zones. Other com 
parisons of like nature could be made 
regarding domestic animals and wood 


for fuel and shelter. As a result man 
constructs quite different economies and 
quite different social structures on the 
various soils. 

It is, therefore, of the greatest impor 
tance that soil be recognized as one of 
the factors in the biological complex an 


studied from that point of view. 
natural entity in itself, having its own 
special morphology and dynan 
developing with the landscape of 
it is a part. These various soil entities, 
produced through the sum total of the 
al forces impinged 


upon them, have certain possibilities and 


climatic and biologie 


certain limitations for the development 


of man. 
plex man contributes an influence upon 


Like any other part of the com 


also he is fundamer 


} 
A 
by it 


the complex an 
tally influenced 











THE DISPLAY OF WALLACE’S STANDARD- 


WING BIRD OF PARADISE IN 
CAPTIVITY 


By Dr. HERBERT FRIEDMANN! 


CURATOR OF ORNITHOLOGY, 


WHEN bird of 


plumage combinations, very plain save 


one finds a unusual 


for a localized brilliance of eolor or 
singularity of plume, the question arises 
as to how the bird utilizes its peculiari- 
is obvious that 


the display is the chief, if not the only, 


ties in its display. It 


opportunity for use of such characters 
as elongated plumes, bright gorgets, ete. 
Among all the birds of the world none 
are more abundantly supplied with 
plumage modifications of a purely dis- 
play type than the birds of paradise, 
remarkable creatures 


than 


and among these 
none is more bizarre or aberrant 
Wallace’s standard-wing. 

The male Wallace’s standard-wing is 
a dull bird with a 
brilliant emerald green pectoral gorget 


earth-brown large 


1 Published by permission of the secré¢ tary of 
the Smithsonian Institution. 
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extended into a free V-shaped 
about five or six inches long on 
side, and with two peculiar, w! 


narrow-webbed and terminally sg; 
lated, erectile feathers on the upper 
face of the carpal angle of each 
(Fig. 1.) The the 


gorget and the whitish plumes, a 


female lacks 


wholly dull earth-brown. The spec 
extremely rare 
much of our knowledge of the dis 


in ¢captivity, an 
of birds of paradise is based on 

birds, it follows 
little is known of the courtship pos 


In 


through the literature has failed 1 


vations of caged 


the present species. fact, a si 
veal a description of the display a 
of Wallace’s standard-wing. 

The National Zoological 
Washington fortunate in 
a splendid male of the Halmahera 


Park 


is possess 





RESTING POSTURE 

















Wallace’s bird of paradise (Semiop- 
wallacet halmaherae This bird, 

‘+h has lived there now for about two 

ars and which is in good health and 

; erfect plumage, was recently observed 
lisplaying. Mr. E. P. Walker, assistant 
actor of the park, who was with me 

the time, was as much surprised as I 

see the way in which the bird dis- 
played. I made several subsequent visits 
the bird to get more detailed notes, 
nd aecelerated its activity by bringing 

th me a skin of a female and of an- 
ther male from the museum and dis- 
playing them to the captive. Later Mr. 
R. Bruce Horsfall, artist of Nature 
Magazine, went out to the park with me 
and made the sketches which illustrate 
this paper. I am greatly indebted to 
Mr. Horsfall for his kindly cooperation. 

My notes on the display may be sum- 
marized as follows. 

The first indication of approaching 
display is a change in the posture of the 
bird. Instead of sitting in the usual 
semi-erect pose, it bends over forward 
r heads down a branch so that its head 
is lower than its body; sometimes even 
lower than its feet. (Fig. 2.) Then it 
gives a few harsh, rasping tscharrrr 
notes in rapid succession ; then flaps its 
wings three or four times rapidly, the 
wings not more than half open at any 
time in the flapping. (Fig. 3.) After 
a few such wing beats, which, if the bird 
were sitting upright, would be quite 
comparable to the first beats of a 
grouse’s wings (Bonasa umbellus) when 
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Fig. 2. BENDING FORWARD: WINGS SLIGHTLY 
ARCHED 


WALLACE’S BIRD OF 


Start 
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ing to dr 


: 
holds the wing 


the entire bo 


for 
The 


a fract 
wings 


iO} 
1On 


are 


actually touch 


wrists. Th 


plumes are 


wing beats 


e ‘ 
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ana 


inner ones of e: 


re 


in the air above 


Occasionally both 


PARADISE 


outer pairs cross each 


frequently only the inner ones do 


The 


slightly raised, but in full displays it 


rreen 


gorget 


LS 


somet 


Imes 


completely elevated away from the b 
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except, of course, medially, and the two 
lateral attenuated apices are brought 
forward out on the sides. The short 
velvet-like feathers of the 
ruffled and, when reflecting light, give 


crown are 


an optical effect of a rolling beam of 
light traveling from the forehead to the 
occiput. While this pose is held the bill 
is kept closed, but the bird utters a series 
almost whisper-like 
sounds like that of faint 
The throat dilates slightly as the 


of low, guttural, 
cracking of 
twigs. 
successive notes are given. 

The display may end here with the 
folding of the wings back to their usual 
position and the resumption of a normal 
upright posture, but two types of elabo- 
ration are often indulged in. Probably 
the displays that terminate here are in- 
complete. 

In the first type the wings are sud- 
denly stretched out fully horizontally, 
bringing the carpal joint (the point of 
attachment of the white plumes) far out 
laterally, and are held stiffly in that 
position for a second or two. The white 
plumes are still erected individually. 
(Fig. 5.) From a front view of the 
bird it looks almost as though the white 
plumes on either side were attached to 
the apical areas of the green gorget, 
which is held widely stretched at right 
angles to the body. The head may be 
raised somewhat during this stage, but 
the bill always points downward. The 
wings are soon folded, the plumes slowly 
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WINGS STRETCHED LATERALLY AND 
HELD MOTIONLESS. 


Fig. 5. 
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fall, the gorget relaxes and subsides 
the display is over. In some cases 
Wings are not stretched 
merely stiffened. Fig. 6. 
In the second type, the bird ke ps 
wings half arched and then leans 
wards on its perch, presenting t 
female a view of the gorget and the w 
ish plumes hovering behind it. It 
let go of the perch and tumble ove 
the air in a backward somersault, 
ing on its feet with closing wings. 
ends this type of display. The for 


laterally, 


type was much the more frequent]; 
dulged in in my experience. 

Aside from the green gorget an 
erectile carpal plumes, the antics of 
bird in the first part of its displ: 
bending over and arching the wings 
slightly reminiscent of the displa 
some of the Icteridae, but presents 
following points of difference. The 
is never spread and is usually depress 


not elevated, in Sé miopte ra; it is alwa 


raised and usually spread to som: 
tent in the Icteridae. 
bird 
wings; in the Icteridae the wings 
arched first. The guttural twig-cra 
sounds are peculiarly like those n 


In Ne miopte } 


bends over before arching 


by some of the oropendolas (Gym 


nops montezuma and Ostinops 
manus ). 

It occurred to me that possibly 
wild state the displaying male wo 
assume a position in the tree above 


female to which he was displaying, 





W 


that this might account for the dow 


ward posture assumed before the 
inception of display. I tried, there 
putting the skin or skins, that I us: 
help excite the bird, on top of the « 
above his perch, ete., as well as below 
but the head-lowered position was 1 
affected in any way by these chan; 
If the origin of this pose was as s 


gested, then it has become so ster 


typed in its performance that it is 


longer easily altered. Occasionally 
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SS 
Fig. 6. POSITION 
bird may bend downward so far that it 
is upside down when displaying. 

On one occasion, at the height of the 
wing-arching stage, when the wings were 
almost touching at the carpal joint, the 
bird uttered a 
series of notes quite different from the 


rolling almost trilling 
rasping tscharrr or arrrrh notes given 
before the actual display. These indi- 
vidual notes were of the arrrh type, but 


clearer, shorter and less nasal in quality. 





BIRD OF 
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4 EXAGGERATED BY SUDDEN M AR TENSION 


Usually, however, the bird is silent while 
displaying, save for the faint twig-crack 
ing sounds 


In all 


carpal plumes remain 


types display, the 
erect for a 
been folded 
tension required 
to die 


evate them quickly 


while after the wings have 
It looks 
to raise them 
that the bird 
but can not force 


as t] ough the 
needs time down: 
can @ 
them down as In 


stantaneously 








SCIENCE SERVICE RADIO TALKS 


PRESENTED OVER THE COLUMBIA BROADCASTING SYSTEM 
HOW WE REMEMBER 


By Dr. SAMUEL W. FERNBERGER 


PROFESSOR OF PSYCHOLOGY, 

[ suspect that there is not one of my 
listeners who has not recently mislaid 
something and who can not for the life 
of him remember where he put it. Or 
perhaps have forgotten a name 
which you wanted to remember, or you 
have forgotten some important fact. It 
is a popular belief that forgetting of this 
sort is more true of old age. How often 
**T must be getting 


you 


does one hear it said: 


old because I can’t remember so and 
so.’’ As a matter of fact such forget- 
ting is perfectly characteristic of all 


ages. I hope before I am through to in- 
dicate how it is possible to improve your 
ability to remember. 

Indeed the experimental results from 
the studies of learning and forgetting 
indicate that the situation rather 
worse than most people suspect. The 
first experimental study of forgetting 
and remembering was performed less 
than 50 years ago, but since that time, 
there is probably no problem in experi- 
mental psychology which has been in- 
vestigated in so many phases and on 


is 


which so much time has been spent. 

The results of the first study of for- 
getting, which was reported in 1885 by 
Hermann Ebbinghaus, indicate as well 
as any other how serious is this matter 
of forgetting. Before I indicate the re- 
sults, let me briefly outline the experi- 
mental method. Ebbinghaus learned 
lists of nonsense syllables like some of 
those which have recently appeared in 
These lists of nonsense syl- 
lables were learned only to the point at 
which they could be first correctly re- 
peated. Then periods of time were al- 


advertising. 
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lowed to elapse ranging from 201 
to 30 days in order to determine t 





eree of forgetting for the dil 
periods of time. When the t 
the amount forgotten was to b 


mined, there was no attempt 
the Instead the 
lables was relearned and the am 
time and the of 
saved in relearning gave an index 


series. series 


number re} 
remembered. 

the conditions, then, 
ing of 
point of first errorless repetiti 
testing the forgotten by 
method of relearning, it was four 
after 20 minutes, more than 40 per 
was forgotten; after 1 hour, mor 
was forgotten, and ; 


amount 
Under 
lists nonsense syllables 


amount 


55 per cent 
days only about 25 per cent. was r 
bered. That indeed a 
picture. Think of the teacher, 
ample, who may expect that mor 
half of a lecture will be forgott 
hour later and more than three quart 
of what is taught on Monday w 
gone by the following Monday. 
Undoubtedly all of you have al: 
thought of a number of eriticisms, b 
can assure you that most if not 
these criticisms are not true. These « 
periments have been repeated mai 
times and the subjects in the orig 
experiment did not have poor mem 
But, of course, you will say, what 
you expect when you learn such s 
things as nonsense syllables. Let me as 
sure you that many other sorts of 
terials have been used, such as lists 
words, stanzas of poetry and selecti 


is dise 
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of prose, and invariably one has ob- 
tained similar results. It does not make 
anv difference what materials one uses, 
forgetting takes place just as rapidly. 
And some of you may say, *‘ But the ma- 
terial was tested by relearning rather 
than reeall.’’ And, on this point, I can 
assure you that the relearning which was 


se 


employed will give a much better score 
than a simple attempt to recall. If these 
learned materials had been tested by re- 
eall, the results would have shown an 
even more rapid rate of forgetting. 

But you will say, ‘‘I do remember 
things better than these results would 
indicate.’’ Of course, this is true and 
the answer is to be found in one condi 
tion of the experiment. The important 
thing is that these materials were 
learned only to the point of first error- 
less repetition. In other words, they 
were just learned and no more. And 
vou will find that if you just learn ma- 
terial, it will be forgotten quite as rap- 
idly as the Ebbinghaus results would 
indicate. Many other experimental re- 
sults on learning and forgetting indi- 
eate, however, that overlearning is nec- 
essary for more permanent retention. 
And these experiments show that a rela- 
tively small amount of overlearning 
brings enormous dividends in slowing 
the rate of forgetting. 

One reason, therefore, why there is so 
much forgotten is because you have not 
sufficiently overlearned what you want 
to remember. How frequently does the 
school child say, when he has once suc- 
ceeded in spelling a word correctly, 
““Well, I have that,’’ and then turns to 
something else. And if the school child 
stops at this point, one may expect that 
40 per cent. will be forgotten by the end 
of 20 minutes and 75 per cent. forgotten 
at the end of a week. And how often 
does the adult say, ‘‘I can’t remember 
the name of the person whom I met last 
evening,’’ when probably he has heard 
the name only once, and all too fre- 


quently, the name was not even clearly 
pronounced during the introductioz 
And how can you expect to remember 
where you have put your glasses when 
you did not even notice that you were 
putting them down 


how can you expect to remember whet 


there has never been learning at all, or 
when there has been insufficient learn 
ing ? 

Let me illustrate this principle of bet 


ter retention as the result of overlearn 


ing with a very practical example 


Many years ago I knew a gentleman 
who was noted for his ability to remem 
ber names—a characteristic which was 
of great value in his life as a politician 


He quite frankly told me how he did 
It turned out that he did not have an ex 


ceptionally good memory at all. But he 


frankly and quite consciously set 1 
overlearn the name of any one whom he 
might meet When introduced to Mr 


Smith, he did not merely say, ‘‘I am 
glad to meet you,’’ but he would say, 
‘I am glad to meet you, Mr. Smith 
And then he would say, ‘‘ And now, Mr 
Smith, what did you come to see me 
about?’’ ‘‘No, I do not believe that | 
ean help you there, Mr. Smith.’’ And 
so on, so that, within a few minutes’ con 
versation he had repeated the name te 
or a dozen times. It was this repetition 
—this overlearning—which enabled him 
to remember the name, not the fact that 
he possessed an exceptional memory 
Our time is too limited to discuss all 
the other many aids to remembering 
But besides the principle of repetition 
and overlearning which I have empha 
sized, unquestionably the other most im 
portant factor is the formation of asso 
ciations. By this I mean that any idea 
to be readily recalled must be associated 
with other ideas. It is the idea which 
stands alone and which has never been 
associated with other ideas that is at 
once forgotten. And conversely the 
idea which is hooked up with a great 
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many other ideas; that idea, in other 
words, that has entered into a rich con- 
stellation of associations with many 
other ideas—has far the best chance of 
being recalled when you want it. Let 
me illustrate with a practical example. 

How many of my listeners can tell me 
who was elected Vice-President during 
the Harding administration? I suspect 
that not many of you can answer off- 
hand and I also believe that not many 
could tell me at all no matter how much 
time I gave you to think about it. And 
what when I remind you that the Hard- 
ing Vice-President was the late Calvin 
Coolidge and that Mr. Coolidge became 
President when Mr. Harding died while 
in office. Of course, now that I have re- 
minded you, you will reeall many things 
about this—how Mr. Coolidge’s father 
swore him into office and all the rest of 
those dramatic incidents. There is no 
question of your remembering Mr. 
Coolidge as President, but you had for- 
gotten him as Vice-President. This dif- 
ference has its basis in the very fact 
that you had few associations with him 
as Vice-President and many associations 
connecting Mr. Coolidge with the Presi- 
dency. This is the psychological basis 
of all the variations of the joke about 
Vice-Presidents. 

[ can illustrate this principle of the 
importance of associations for perma- 
nent memory by describing a demonstra- 
tion which I give to my classes each year 
to emphasize this fact. The class pre- 
pares a list of 30 common nouns. My 
assistant comes blindfolded into the 
room and the list is read to him just 
onee—allowing him several seconds for 
each word. Immediately afterwards he 
will repeat the list forwards or back- 
wards, give the position of any word in 
the list or the word for any position. 
For several years my assistant has done 
this without error, and it happens that 
this assistant has normally such a poor 


memory that he always carries a } 
paper with him on which he yw 
everything that he wants to remen 
during the day. The trick is 
plished by means of the assistant hay 
a memorized list of thirty key v 
which he uses time after time. T] 
is so overlearned that he knows 
word and its position in the list 
thoroughly. Let us say that his 
key word is ‘‘ear’’ and that the 
word in the list which the class has 
pared is ‘‘elephant.’’ My assistant 
promptly associate his key word wit 
class word, usually in some b 
fashion if possible. For examplk 

will see an elephant inside a trolley 

Later some one asks for the third vy 

My assistant knows that his third 
word is ‘‘ear’’ (because he has 

learned the key list) and he sees, 

mind’s eye, the elephant in th 

With this associated cue he is ther 

to say ‘‘elephant.’’ I have said that 

assistant recalls the 30 words by t v 
trick of forming associations bety 

the words in his key list and the 


of the class list. I then ask the class n 
reproduce the list, obviously wit a 
these associations—and I have nev 3 
found a student who could do it 
though the class has been making u 
list and looking at it for probably a |} T 
hour. And there is nothing remark li 
in this trick of my assistant. I can as W 
sure you that any one of you could n 
this trick within 24 hours if you Is 
merely willing to take the time to pr W 
pare a key list and then take the time ti 
overlearn it very thoroughly. ’ d 
Let me give just one more examp| ti 
the importance of associations for r n 
membering. It happens that I am n 
dicted to the reading of detective stor e] 
In a recent story, it was important that a’ 
one of the characters as well as t J 
reader must remember a certain hous 01 
number but not particularly important al 
that the name of the street be reca p cl 











Calkins Nan atta 5 


= 


& 
4 





receives a 


book 


nhone eall sending him to this house, the 


eharacter in the 


The 
number of which is ‘*52.’’ He is told 

er the phone, ‘‘Go to number 52 and 
remember that there are 52 cards in a 
k and 52 weeks in a year.’’ This is 
eood psychology. The character and | 
hoth remembered the number, but I am 
[| have forgotten the name of 


aet 


sure that 


» street. 


[ have talked of only two factors 
which are of importance for permanent 
remembering. There are many other 


factors but they are certainly of less im- 
that these 


associations 


portance. I can assure you 


factors of the formation of 
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and of repetition until a material is not 
only learned but overlearned can not be 


overemphasized if you want perma 
nent retention. And I can assure you 
that these principles are ¢ qually applica 
ble to any age. Be you young or be you 


ou want to remember something 


old, if; 


repeat it over and over again, adding as 
many different associated ideas as you 
can even aiter you are sure that you 
know it. In this way you will probably 


not improve your memory, but you wi 
certainly be able to retain and to r 

things ever so much better, which, after 
e practical 


all, is what is important in tl 
situation. 


IS OUR CLIMATE CHANGING TO MILDER? 


By J. B. KINCER 


CHIEF, DIVISION OF CLIMATE 


In the latitude of the United States, 
we have certain very definite and regu- 
lar temperature changes. One of these 
is the diurnal or daily march, with the 

the average 
the maximum at 2 or 
3 o’clock in the afternoon. The differ- 
ence between the lowest and the highest 
of the day is normally about 20 degrees. 
There is still another periodic or regu- 
lar variation in the temperature with 
which we are all familiar—the annual 
The coldest month of the year 
is, on the average, January, and the 
Varia- 


minimum occurring on 


about sun up and 


march. 


warmest, July at most places. 
tions in the annual range, that is, the 
difference between the average tempera- 
ture for the coldest and the warmest 
month of the year, are greatest in the 
northern states and least in the south- 
ern. In North Dakota January, on the 
average, is about 62 degrees colder than 
July, while for Florida the difference is 


only 22 degrees. The range is least 
along the Pacifie coast: in San Fran- 
cisco January is less than 9 degrees 


AND CROP 





WEATHER, 1 S. WEATHER BUREAT 


eolder than July [hese period 
changes in temperature are due, of 
course, to the relative positions of sun 
and earth—that is, they are astronom 
ical in character 

Other temperature changes, not so 


obviously of solar influence, are familiar 
We have short-period fluctuations 
different 


and go in 


also. 
in which kinds of 
come comparatively 
alternating spurts, as it were, or with 
short periods of irregular length—sun 
shine, then rain; cool or cold, then warm 

succeeding one another with a regu 
larity that every one takes for granted 


However, an exhaustive statistical exam 


ination of these short period changes 
fails to disclose any regularity that 
affords a basis for forecasting future 


weather independently of the standard 
methods of the Weather 
Bureau, in which daily synoptic charts 
play an important rdle. 

In addition to these short-period flue 
tuations, have 


forecasting 


we long-time trends in 


temperature. Perhaps most of 


you 
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either have expressed the opinion per- 
sonally or heard it expressed by others, 
that our climate is changing—that it is 
becoming warmer, despite an occasion- 
ally severe cold wave in winter or an 
untimely and unwelcome frost in spring 
or fall. With ‘‘Grand-dad’’ insisting 
that the winters eolder and the 
snows deeper when he was a lad and 
the rest of us realizing that in 


were 


most of 
recent winters we have not been getting 
our full quota of cold weather, as mea- 
sured by bygone standards, it was de- 
cided to make a rather exhaustive study 
of the question. We believe you will be 
interested in some of the results this study 
has disclosed from the reeords up to and 
including the year 1933. 

We might give a few illustrations of 
An examina- 
for 
for the 
warmer 


recent abnormal warmth. 
tion of the temperature 
Washington, D. C., shows that 
last 21 winters 18 been 
than normal; that every one of the last 
13 was mild, and that the warmest win- 
going back considerably 


records 


have 


ter of record, 
more than a century, was that of 1931- 
32. In passing we might mention that 
this is in marked contrast with ‘‘Grand- 
dad’s day,”’ from 1854 to 1873, 
when 75 per cent. of the winters were 
colder than normal; the winter of 1855-— 
the coldest in more than 100 
years. The record for New Haven, 
Conn., shows that every one of the last 
10 winters has been relatively warm; 
also, 18 of the last 21, and 33 of the last 
45. This New Haven record, by the 
way, goes back to near the close of the 
Revolutionary war. Further west, we 
pick up, at random, the Saint Louis 
record, which shows 13 of the last 15 
winters with above normal temperature. 


é 


say 


56 was 


By normal, we mean the long-time 
average. 
When we examine the records for 


other seasons of the year, such as the 
spring and fall, similar conditions are 
For the spring (March to 


disclosed. 





May, inclusive) we find in the e¢ 
New Haven that 20 of the last 24 s; 
were relatively warm, which ¢ 
sharply with the 10 successive s 
from 1866 to 1875, 
had a mean temperature below n 
the Washington, D. C., record s 
only 8 with below 1 


every one ot! 


springs 
warmth during the last quarter of 
tury. In Saint Paul, Minn., mor 
75 per cent. of the fall 
last 43 years have been warm, 


seasons 


trast to the 37 falls from 1840 to 1876, / 
inclusive, during which only 9 
warmer than normal. Here in W 
ington, only 4 of the 25 falls sin 
have been below normal tempe1 
The Weather Bureau maintains 
9,000 weather stations seat , 
throughout the country and the r 
for these we have mentioned are t 
of others over the central and n 
portions of the United States east 
Rocky Mountains. 

In view of these facts, is it any : 
der that people are asking the q 
**Is our climate changing?’’ It 
be stated, however, that the abnor 
warm weather experienced in ¢ 
for a long time past does not mean that , 
cold periods have been entirely 
On the contrary, the records i ‘ 
that occasional brief spells of 
mally cool or even extremel; ! 
weather are characteristic of pr 
ingly high temperature trends. Th t 
est official temperature of record for ‘ 
United States—66 degrees below 
occurred last winter in the Yellowst t 
National Park, notwithstanding th 
ter was decidedly mild over much 
greater part of the United States J 
Again the past winter, or that of 19 v 
34, and especially the month of Feb: t 
ary, has been abnormally cold it € 
northeastern states, with the establis C 
ment of new low temperature records 2! t 
many places. However, the area § 
fected is relatively small, as much 1 s 











rreater part of the country has had 


a 


decidedly mild weather, with a large 
northwestern area enjoying one of the 
warmest winters ever known. In me- 


eorological work the winter is consid- 
ered to include the calendar months 

m December to February, inclusive. 

In other words, we have been having 
brief cold spells and an occasional cold 
winter, but at the same time mild 
weather and warm winters have greatly 
predominated for many years. 
We have just contrasted the fre- 
quency of recent warm winters and 
springs and falls with conditions shown 
by the records to have obtained some 50 
to 75 years ago when there was a 
marked tendency to colder weather. 
Now these long-time temperature 
changes are quite similar in many ways 
to the seasonal changes we experience 
every year. For our geographic loca- 
tion, when we compute the day by day, 
or week by week, average of temperature 
for a long period of years, we obtain 
what is known as the normal for that 
day or week. In the normal annual 
march of temperature the lowest of the 
year falls about the middle of January, 
ealled mid-winter, and the highest about 
the middle of July, known as mid- 
summer. 

When the turning point is reached in 
mid-winter there is a very definite and 
regular increase in the normal tempera- 
ture curve, slow at first, but becoming 
more pronounced in March and April, 
after which the rate of increase is re- 
tarded until the highest point is reached 
in July. However, it is only the normal 
or average that has this regular trend. 
For any single year the rise from mid- 
winter to mid-summer is frequently in- 
terrupted by short-period fluctuations, 
each a few days in length—warm, then 
cool, in succession. This and the fact 
that the rise is very gradual obscures the 
seasonal march, and there is a lapse of 
some time before we are conscious of a 





SCIENCE SERVICE RADIO 





TALKS 


permanent change to warmer weather 
It is finally realized, however, as the 
season progresses, that the cold spells a 


becoming less frequent and less sever 
and the mild ones warmer 
So much for the annual ma 


temperature that carries us trom 


cold of winter to the warmth of sum: 


a change requiring only a few months t 

accomplish. In studying the long-tim: 
temperature trends we may, for a 
clearer understanding of their general 
nature, consider that the centuries, 1 


have their winters and summers, just as 
do the years. These trends, from 
periods of‘ relatively cold to compara 
tively warm weather, are very similar in 
nature to the seasonal march in tempera 
ture from winter to summer, thoug! 
here the shorter-period fluctuations that 
interrupt the general trends are mea 
sured in years instead of by days as in 
the other case. When these are smoothed 
out, as we smooth the day-by-day flux 
tuations to obtain the normal annual 
march, we find very definite long-time 
trends in the same general direction for 
many years—that is, tending either to 
cooler weather or to warmer as the case 
may be. 

Our longest temperature records in 
this country are for the central and 
eastern states and go back something 
more than a century. These show that 
some hundred years ago the general 
trend was receding, apparently from 
some undetermined higher point stil 
further back for which records are not 
available, and that this recession con 
tinued, with comparatively minor inter 
ruptions, to about 1865. From this date 
the trend curves show a more or less 
steady rise up to the present time. For 
the last 25 years this rise has been espe 
cially rapid which has carried the curve 
much higher than at the point where the 
door was opened upon the scene by the 
beginning of records many generations 
ago. In other words the abnormal 
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warmth during the past 20 or 25 years 
has no precedent in records available for 
study, notwithstanding the longest go 
The 
change in the trend lines from the low- 
est, more than half a century ago, to the 
For 
example, the 20-year average tempera- 


back to Revolutionary war days. 


present time is rather impressive. 


ture for the winter, spring and fall sea- 
sons up to 1933 are from 2) 


nearly 4 


decrees to 
similar 
This 


is quite a difference when we are consid- 


higher than 


decrees 


averages up to 60 or 70 years ago. 


ering averages for a 20-year period com- 
prising seasons covering 3 months each. 

The records for the different seasons 
of the year show that the winter trends 
are the most irregular, with the up-and- 
down secondary swings of greater fre- 
and shorter in duration than 
those for the other For the 
spring and fall the trends have been 
more uniformly upward, with fewer in- 
terruptions by short cold 

Doubtless some of you 


quency 


seasons. 


spells. 

are now ready 
to inquire, what about other parts of 
the world? Are these conditions peculiar 
only to the areas covered by the records 
discussed, or is the summer of the cen- 
turies prevailing in other countries, also? 
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To determine this, we have exami 
number of long temperature record 
different parts of the world, usir 

same smoothing device as before. ‘1 
Canada, France, § 
Poland, England, 
Scandinavian countries, Mexico, S 
America, Africa and New Z 

They are all in substantial agreem 
showing upward temperature trend 
a long time past, except that som 
latitude areas, especially the Med ' 
ranean countries, 
dicating 


represented 
Italy, Austria, 


were negative b 


moderate recent trends 
cooler. 

We that 
than a hundred years ago we were | 
ing out of a warm period appar 
something like that in which we ar: 
in the midst. If we had records 
ing a few hundred years still fu 


have said something 1 


back, doubtless some interesting 
would be disclosed. As it iS, the ) 
not long enough to eover a com 

cycle, that is, from one major warm )} 


peak to its successor, and conseque! 
they do not afford even an inkling as 1 
just how longer the present , 
warmth continue or how n 


higher the trend curve may go, if 


much 
may 


THE HUMAN-ANIMAL DISEASES , & 


By Dr. DAVID J. DAVIS | 


DEAN AND PROFESSOR OF PATHOLOGY, COLLEGE OF MEDICINE, UNIVERSITY 


OF ILLINOIS, 
THE earliest reference to disease in 
any literature concerns pestilence or epi- 
demiecs involving both animals and man. 
This was because man in primitive times 


lived in intimate association with the 
rarious domesticated animals upon 
which he was largely dependent for 


food, clothing, transportation and pro- 
tection. Diseases common to men and 
the lower animals could in this way be 
easily transmitted. 


CHICAGO, 


ILLINOIS 


One of the first references to a defir 
pestilence appears in Hebrew literaturs 
in Exodus 9: 3, where it is stated, ‘* 
hold the hand of the Lord is upon 
eattle which is in the field, upon 
horses, upon the asses, upon the camels 
upon the oxen and upon the sheep: t! 
shall be a very grievous murrain.’’ This 
curse was sent upon the Egyptians | 
cause they refused to heed the words 
Moses. In the writings of the Gr 
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mythology, reference is often made to 
\ pollo, the god of healing and father of 
Apollo, 


Esculapius, who was able with his far- 
larting arrows to scatter plagues among 
b humans and animals and as easily 
withdraw such influences. 

The first great pestilence of which we 
have a definite record was the Plague of 
Athens in 430 B.C, Thucydides gives a 
vivid deseription of this terrible 
demic, which killed on such a vast scale 
that, 
populated and great 
bodies remained in the streets unburied. 
He makes this interesting 
‘For the character of the disorder sur- 
passed description ; and while in other 


epl 


as he states, cities were almost de 
piles of human 


comment: 


respects also it attacked every one in a 
degree more grievous than human nature 
could endure, in the following way, espe- 
cially, it proved itself to be something 
different from any of the 
familiar to man. All the birds and 
beasts that prey on human bodies either 
did not come near them, though there 
were many lying unburied, or died after 
they had tasted them. As a proof of this 
there was a marked disappearance of 
birds of this kind, and they were not 
seen either engaged in this way, or in 
any other; while the dogs, from their 
domestic habits, more clearly afforded 
opportunity of marking the result I men- 
tioned.’’ What this was has 
never been determined, though the sub- 
ject of dispute for years. Some critics 
have thought it to be a form of glandu- 
lar plague, even though Thucydides did 
not mention buboes. Others believe it to 
be some other highly contagious disease, 
possibly typhus fever. However, if birds 
and dogs were susceptible, it would indi- 
cate that it was some disease other than 
plague or typhus, for neither animal is 
susceptible to these diseases under such 
conditions. Probably anthrax would ex- 
plain the facts better than any other dis- 
ease known to-day. This is the first 
known observation on the transmission 


diseases 


disease 
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of a disease through the eating of con 
taminated flesh from the human to an 
animal. To-day, in human-animal dis 


eases, the infection nearly always passe 
from the animal to man 
The 


second great 


pestilence in r 
corded history was ‘‘The Plague of 166 
A.D.,’’ often referred to as the ‘* PI; 
of Mareus Aurelius’’; also the ‘‘ Plague 
of Galen.’’ Both Galen and Marcus 
Aurelius lived at that time in Rome 
Mareus Aurelius has left no record of 
this plague. He himself died of it in 
180 a.p. Galen described it and from his 


writings most authorities conelude it 


the same disease as the plague of Athens 
in 430 B.c., whatever that may have been 
White, in his recent 


history, refers to this catastrophe as per 


volume on Roman 
haps the chief cause of the decline and 
fall of Rome. He states that the 
never recovered after the enormous mor 


empire 


tality, the disorder and confusion and 
the depressed mental state and loss of 
morale that followed this plague. Gib 


bon mentions it, but stresses it less than 
other writers. 

The Justinian plague, beginning about 
530 A.D. and 
was another one of 


for some 50 
the 


Man and ani 


continuing 
years, greatest 
catastrophies of all time. 
From the descrip- 
tions available the evidence seems con- 
vincing that it was real bubonic plague, 
though from some of the records it would 
that than 
vailed. It is 
plague, typhus, smallpox and anthrax 
all may the 
The simultaneous occurrence of several 


mals were involved. 


disease 


that 


seem more one pre 


possible bubonie 


have raged at same time. 
infections is a possibility that may ex- 
plain many of our difficulties in identi- 
fying the true nature of these ancient 
afflictions. 

Nearly all writers assume that these 
pestilences were diseases that are in ex 
istence at the present time, and hence in 


their studies they have attempted to 


identify the disease with one of our mod- 
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After a thorough study of 
we are forced to the con- 


ern plagues. 
the evidence, 
clusion that some of these great plagues 
may have disappeared completely. There 
are two known to have 
occurred in relatively modern 
namely, the sweating sickness, beginning 
in England in the sixteenth century, and 
trench fever, which appeared during the 
We have fairly accu- 
So 


such diseases 


times ; 


recent world war. 
rate descriptions of both. far as we 
know, neither exists anywhere to-day. 
Comparative medicine may justly lay 
claim in a very definite way to one of 
the great men of history, the Roman 
poet, Virgil. He has been pronounced 
the world’s greatest veterinarian. For- 
tunately, perhaps, he was not a trained 
scientific medical man, 
for if he were it might have interfered 
with his poetry. No medical writer has 
approached him in deseribing disease. 
His most celebrated description concerns 
anthrax, at that time in Italy a preva- 
lent afflicting man and many 
lower animals. Its havoc must have im- 
pressed him deeply. The sources of in- 
fection he seemed to know quite clearly 
and refers to them as follows: ‘‘ From 
tainted air arose a dreadful storm, in- 
fluenced by autumn’s heat, and gave to 
death all cattle tame or wild, corrupting 
lakes, poisoning the grassy food.’’ In 


veterinarian or 


disease 


his incomparable verse he describes vari- 
animals, revealing the different 
stages of the He the 
young cattle, the ‘‘fawning dogs’’ and 
To the horse, his favor- 


ous 
disease. notes 
the sick swine. 
ite animal, he devotes some of his finest 
art. He tells how the bull and the oxen 
in the fields are stricken. Then the wolf, 
the deer and the flying stags and ‘‘in the 
sea all swimming things like shipwrecked 
bodies float washed by the waves.’’ Even 
the viper dies and the birds infected by 
the wind fall and ‘‘leave their lives in 
the lofty air.’”’ 

Finally coming to man, he gives the 
first description on record of wool sort- 
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ers’ disease or pulmonary anthrax 


evidently was aware of the persist 
of the disease in the due, 
know now, to the anthrax spores 


soil, 


he says, referring to the dead ar 
(quoted from Fleming 


Teli men dig deep and bury them in ¢ 
The skins are use! 
Can water cleanse nor raging 
Nor is it possible 


to sheer the teece, 


So damaged with disease and filthiness 0 
Nor can the weaver touch the putrid = 
sut should a man attempt the odious g 
With burning pimples and disgusting =a 
His limbs are seized, and in no lengthened SS 
The fire accursed consumes his poisoned 

No doubt we must grant to Virgil 1 orol 
poet’s license in liberal measure. But iy 
making due allowance for this we lire 
serve there is much solid informat mati 
indicating that these human-anima " 
eases were widely prevalent and rr 
nized as directly transmissible from ” 
mals to man. 

Not only in these ancient times aad 
continuing down through the dark B 
the middle ages, the literature is rep aint 
with references to the diseases com: and 


to man and animals. The idea . 4] 
prevalent that some general cause was pa 
responsible, such as tainted air, st 7 
earthquakes, etc., all more or less det 
mined by the gods. Here and tl 


however, we note the growth of a1 T 
definite scientific conception of a dir 


transmission from animal to anima — 
from animal to man. mee 
In our present day we are still « eae 
fronted by these same problems. J ae 
now there seems to be an especial dan ws 
threatening man from several diseases a 
the lower animals which serve as res _ 
voirs for the infecting agent. Undulant 7 
fever, psittacosis or parrot fever, 1 : “ 
remia or rabbit fever, fish tapew oan 
septic sore throat, sporotrichosis udd 
actinobacillosis are some of the n os 
modern ones which we fear.  Kabies se 
Mas 


bovine tuberculosis, anthrax, glanders 











plague are 


tinomyeosis and bubonic 
she more ancient diseases of this type. 


More and more attention is being di- 
oeted to them. While some are very 

others are new or at least only re- 
ntly recognized. Some seem to have 


en rare in the past, but at present are 
lly spreading. Practically all are 

.rried from lower animals to man; al- 
most never is the reverse true. 

Our domestic animals play the most 
important role in transmitting these dis- 
Fortunately, wild animals are 
ess often involved. When 
however, the latter, owing to the difficul- 


eases. 


infected, 


ties of control, present extremely serious 
problems. 

~ Man is infected both directly and in- 
directly from animals. Direct and inti- 
mate contact is common and in some dis- 
eases like glanders and parrot fever is 
route of infection. In other 
diseases ingested food products, inelud- 


the usual 


ing milk and meat, are the usual or al- 
most exclusive mode of transmission. 
Bites are responsible for transmission, 
especially in insect-borne infections. For 
certain dangerous organisms the soil is 
the chief reservoir from which in differ- 
ent ways the germs infect animals and 
At times the routes of transmis- 
sion are exceedingly devious and difficult 
or impossible to trace. 

There are many human diseases whose 


man. 


transmission and control can be under- 
stood only through studies on lower ani- 
mals. Such studies include experiments 
on normal animals and observations on 
sick animals. As examples, may be 
mentioned septic sore throat, rabies and 
undulant fever. Septic sore throat oc- 
curs in epidemic form, at times affecting 


hundreds of persons at once. It arises 
from drinking milk from cows whose 


udders are infected with a dangerous 
germ, the epidemic streptococcus, which 
enters through the teat from the milker. 
Mastitis or infection of the udder is a 
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very common disease of cows, but fortu 
nately most of these infections are not 
dangerous to man 

Undulant fever is common to several 
kinds of domestic animals and is trans 
mitted to man either by contact or 


through the use of animal 
Formerly we considered it rare, 


we know 


food products 
but now 
it to be wide-spread. It is one 
of the major health problems involving 
both humans and domestic animals. In 
its solution, as in the solution of mos 
these animal-human diseases, 
eration of the veterinarian with the p 
siclan is necessary 
Rabies continues to be too con 

should always 


Even the very 


rare Case 
be considered a threatening mena 
both human and animal species. 


Tularemia is widely distributed in the 


animal world and is d by a small 


cause 
human beings 
the 


mostly in 


bacillus. In this coun 
are infected 


Hence 


butchers and in women who prepare the 


try 
chiefly - from rabbit 


we see it hunters, 


careasses of this animal for food A 
primary lesion appears on the exposed 
part, commonly the hand, from which 


the infection spreads to the neighboring 
lymph glands. It is usually not a fatal 


disease. A campaign of education and 

proper warnings conveyed to persons ex 

posed should do much to control it 
Swine erysipelas is an infection ocea 


The 
disease is rare in the United States, but 


sionally carried to man from hogs. 


in Europe it is common and a few hu 
man cases have appeared. Recently a 
serious outbreak of 80 cases appeared in 
a button factory in Virginia. Buttons 
were made there from the bones of in 
feeted hogs. 

Actinobacillosis is a disease primarily 
of cattle and is similar to the well-known 
lumpy jaw or actinomycosis. Man is in- 
fected occasionally in the United States, 
more frequently in Europe for some rea 
son. Both this disease and swine ery 


sipelas, now rare in man, should be 
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earefully watched. They may be just 
emerging from their reservoirs in the 
lower animal world up into the human, 
where it is difficult to predict how dan- 
gerous they may be. 

Parrot fever or psittacosis has several 
times recently gained the front page of 
the newspapers. It is one of the most 
contagious diseases known, being trans- 
mitted directly from parrots, parrakeets, 
love birds and several other varieties to 
man. It is caused by a filterable virus. 
Argentina has been its habitat for many 
years, but recently more or less of a 
pandemic has appeared and now it ap- 
pears to be widely disseminated. Calli- 
fornia seems at present to be the chief 
focus in the United States because of the 
extensive aviary industry there. 

Sporotrichosis is a fungous disease in- 
fecting man, the horse, mule, rat, dog 
and some other animals. While never as 
yet a common disease, it occurs in cer- 
tain countries often enough to occasion 
some alarm. In France, Argentina, 
South Africa and the United States it 
has gained a foothold and isolated cases 


are observed from time to time. 

ent it does not seem to be on the in 
The fungus is apparently present 
soil or on plants in certain | 
from which sources man and animals 
come infected usually through 
wounds in the skin. 

It is noteworthy that we now 
enough to control most diseases 
group thanks to scientific studies 
on in the fields of both veterinar 
human medicine for the past ha 
tury or more. As a rule the proble: 
to apply the facts we now know 
difficulties may be practical and 
failure to control the conditions. 01 
difficulties may be financial, wher 
eost of control is prohibitive, or 
norant public may resent interfe: 
for one reason or another. Many 
problems are at bottom social or 
campaigns of education in both 
and veterinary fields are indispens 
Nevertheless progress made in tl! 
fifty years in both fields is nothing s 
of miraculous from the standpoint 
disease control and relief of sufferi: 
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SCIENCE AND INDUSTRY IN THE COMING 
CENTURY’ 


By ALFRED P. SLOAN, JR. 


PRESIDENT OF THE 


First, I wish to express my apprecia- 
m, and that of my associates, for the 
urtesy extended by every one of you 
in joining us at dinner here this evening. 
The endorsement and support of such an 
outstanding group of thought and 
ion, of Chieago and elsewhere, as is 


ac- 


here assembled, represents in itself no 
small honor and should in itself carry 
conviction as to the importance of the 
message to be presented. 

To-night, here at the Century of Prog- 
ress Exposition, we find ourselves sur- 
rounded at every turn with the marvels 
f the age, made possible by the progress 
of science, capitalized through the in- 
strumentality of industry. In the prog- 
ress here recorded is written the lives of 
countless through 
fice, courage, conviction and the oppor- 
tunity and encouragement that has been 
accorded them, have brought these won- 
lerful things into being. There results 
a higher standard of life, social and eco- 
nomic, and a broader opportunity for 
What we see here at 
the moment is the cumulative develop- 
ment of the past century, more particu- 
larly of the past two decades. Out of 
that past comes the knowledge of experi- 
ence and the inspiration of achievement. 
Certainly a sound foundation to build a 


1 Alfred P. Sloan, Jr., President of General 
Mot 


numbers who, sacri- 


countless millions. 


ors Corporation, arranged a dinner-sympo 
sium on ‘*Previews of Industrial Progress in 

> Next Century’’ which was held in Chicago 
n May 25, the evening preceding the reopen- 
ing of the Century of Progress Exposition. In 
response to a Mr. received 


nearly three hundred expressions of opinion 


telegram Sloan 


Sans } . . . —a 
from leaders of science and industry. This 
article gives the opening address by Mr. Sloan 


and a number of the statements prepared by 
scientific men. 


GENERAL 


MOTORS CORPORATION 


still 
tuture 


vreater tutti 


that we ad 
evening. 

What is to be the 
and industry di 
Is there 


that progress is to 


progress ot sclence 


iring next decades 


the 


any iogicai reason to ime 


be 


ass 


alted ot +} , 
Hnaivead at this pal 


ticular point in our development? On 
the contrary, have we not every right t 
believe that the very progress of the pas 
insures still more progress in the future 


and at an accelerated rate, if we have the 
breadth of view-point and the knowledg¢ 


of the facts to properly manage our 
affairs? 

There is involved the possibility of 
still higher standards of living. There is 
also involved a still broader opportunity 


for all. 
Unquestionably, 


the 
mental problem before us in this country 


most funda 


and, in fact, before the world to-day is 
the question of unemployment. This is 
true whether that problem be 
Is tl 


cause or effect. he solution 
acceptance of the principle upon which 


in 


so many of our national economic poli 


cies are to-day being formulated, that t 
have more, we must produce less? And 
now comes an amendment to that prin 


ciple, that we should continue to produee 
the old thing pr 
and better things. Again, can 
imagine that the 


we must not duce new 

we even 
solution of this vit: 
problem lies in th 
tion of one industry 


e arbitrary discrimina 


as against anotner, 


through controlling the freedom of the 
individual to exchange the results of his 
own labor, according to his own judg 
ment and desires? Are we to believe 
that the amount of useful work to be 


performed is limited to what it is to 








68 THE SCIENTIFIC MONTHLY 


and that the problem of unemployment 
is solved by dividing the amount of work 
by the number of workers, or are we to 
believe that the amount of work ean be 
expanded, given the proper economic 
machinery to make that possible? Can 
we look forward with confidence and 
conviction that if we turn back to the 
principles which have made this country 
what it is, and which we are to-day dis- 
earding; if we eliminate all artificial 
barriers that have been erected; if we 
encourage rather than discourage; if we 
reward rather than penalize constructive 
effort in the future, as we have in the 
past, that we can consolidate and accel- 
erate the processes of natural recovery 
that we all believe are very definitely in 
the making throughout the world? 
What can science and industry contrib- 
ute to such an objective? The purpose 
of our discussion this evening is to deal 
with this question. Manifestly, the sub- 
ject is a broad one. A survey of many 
branches of useful endeavor discloses 
the fact that great thought and effort is 


being expended and real _ progress 


By Dr. CHARLES 


effected toward what we mig 
bigger and better things in the 1 
tant future. These things afi 
phases of our daily lives: they ll 
still broader opportunities ahead: 
demonstrate that the world is in n 
finished. What we must do is t 
lish and then to recognize what th 
bilities are; what can be done 
direct our efforts toward that ob. 
We will not be true to the tradit 
our great and wonderful country 
become satisfied with a static p 
either in our thinking or in our 
Unfortunately, it is possible 
sent this evening, in the limited 
our disposal, only a few illustrat 
how science is ready to show the w 
industry to blaze the trail towar 
objective. The picture will be pr 
by leaders of science and indust1 
through actual contact with the 
speak with authority of those w] 
I sincerely regret that we can 1 
from so many others present w] 
contribute with equal force 
thority. 


F. KETTERING 


VICE-PRESIDENT IN CHARGE OF RESEARCH, GENERAL MOTORS CORPORATION 


Tue whole world is now absorbed in a 
study of social problems. These prob- 
lems were brought about largely by the 
war. The depression has had a lot to do 
with clarifying science and industry’s 
part in these problems. As to what we 
do in the future will depend altogether 
upon how good a perspective we have as 
to what we know and what we do not 
know. The ultimate aim of all industry, 
science, government and sociology is for 
a better life—better living conditions; 
better health; better food ; better govern- 
ment; better houses; in fact, for better 
everything. And these can come about 
only in proportion as our daily routine 
and activities conform more nearly to 
nature’s laws, which we understand so 
poorly at the present time. 





The very fact that we have a 
trouble is the best indication of this 
of understanding. Any group ol 
tists and engineers can sit dow: 
write a long list of things which ea 
accomplished in the future. And 
also be written down that these 
will come to pass when our gover 
social and economic situations dey 
to a point where they are desi 
And when these new products ar 
sented, if the people accept them 
then become the beginning of new 1 
tries which will absorb a great mai 
our unemployed. 

This list which we are discussi! 
merely the extension of what is in 
dence to-day. And of itself it has s 
cient vitality to produce new jobs 
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mmercial activities to pick up our 

tire unemployment. But we must do 

something about it. Just 
produce the results. 


} 


new Ct 


talking will 


} 


It is my impression, however, that we 


on the eve of things of an entirely 


*orent nature than the mere extension, 

our 
present-day scientific knowledge. I feel 
we have upon us in the immediate future 
mental attitudes 


efinement and development of 


a great change in 

ward the physical world which would 
bring into existence new pieces of infor- 
mation which will completely 
uur scientific view-point. It is not what 
we know that is so important. It is 
what we do not know. Most of what we 
know ean be found in libraries, in the 
minds of people and in process as they 
But we have no conception 
this is to 


change 


exist to-day. 
f what a small 
what there is yet to know. 

As an illustration, we perhaps do not 
recognize it, but everything that ever 
moved on the earth has been moved by 
energy which came directly from the 
Our coal and oil deposits, our for- 


percentage 


sun 
ests, our crops and everything that lives 
m the earth is simply an energy contri- 
bution from the sun. We do not know, 
except in a very superficial way, how the 
energy which is given out by the sun is 
transmitted to the earth. We do not 
know how plants pick up this energy and 
convert the inanimate carbon dioxide 
and water into the vital materials so 
necessary for our existence. This, when 
understood, will open up an entirely 
new conception of things that can be 
done. 

[t is not difficult with this information 
in hand for even the most unimaginative 
person to predict the propulsion of air- 
planes by radiated energy with the 
power plants located on the ground. 
Nor is it diffieult to envision the entire 
system of aerial transportation which 
would be unaffected by fog and weather 
conditions in general. Most of this work 
is being studied to-day under the name 
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Of photo-synthesis at 1s, W plants 
crow. And we have one research w 

r want of a better name, we say is tr) 
ing to find out why the grass is 
We must understand somethi 
processes of radiated energy | 
many of the great problems 
ahead of us can be solved 

So much of our information t 
does not consist of basic understandir 
[It is known to us only by definitions 
We say we can see through a pa 
class because it is transparent, al l 
we do not know the first principle of how 
light is transmitted rough glass. We 


say a copper wire Is a @ 


tricity, and yet even our best scientists 
do not know, even in a small way, how 
electricity passes through one. We rub 
our hands together; we say they ar 


warmed by the friction, and yet we have 
no knowledge to day of the magnetism of 
We ball be ar 
ings, but as to the exact action of lubri 
eation little, if anything 


in the commonplace things that 


friction. know we have 


is known, and 
are used 


in the electrical industry, such as mag 


netism, electric charges, ete., we have 
only a very superficial knowledge. We 
know these things exist, however, b 


cause we can see the effects of them 


Each 


which a short 


new things, 


year we discover 
time ago we did not even 
rT? 


This has been true in 


a 


know existed. 
food 
principles of nutrition. | 
but feel that in a very short time we are 


and vitamins and other 


ease of 
ean not help 
going to break loose another great piece 
of basic information which will keep us 
industrially busy for a great many years 
think if 
problem 


to come. | we write down as 


our 
with which we are 


immediate those things 
dissatisfied we have 
We can make 


dirt 


are air-conditioning 


a long list of things to do. 


our cities less ean take 


out of 
our houses: we 


noisy; we 
the air; we 


ean have televtsion and 


an unapproached number of 


Now if we will go ahead and d 


things. 
these things which 


+ + + 


are evident, to e 
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best of our ability, and still keep an 
abiding faith in what we know and in 
what we do not know as having possi- 
bilities of great contributions to human 
welfare, there will be no need to fear the 
future. 

There are many people who doubt if 
human progress can continue on its pres- 
ent standards. Still others think that 
we have to go back to lower standards 
of living because they see no way out of 
our present difficulty. There are, how- 
ever, a substantial number who, knowing 
something of the development of civili 
zation, do not regard the evidence pre- 
sented as justifying either a static or a 
retrograding standard of living. Our 
assemblage around this table, made up 
of all classes of scientists and industrial- 
ists, consists of all the talents from that 
group of our American people who do 
not believe the world is finished or that 
we must curtail human effort and desire. 
But on the other hand we do believe that 
the only way out of our present diffi- 
culty is forward and not backward. To 
those of us who have spent most of our 
time in experimental and developmental 
work failure is a common thing and if 
we gave up the principle every time an 
experiment failed we would accomplish 
nothing. If common sense dictates that 
our objectives are sound, we must keep 
on failing and learning and failing un- 
til the objective is obtained. 

Our civilization as a whole is new. 
This is the first time in the history of 
the world that such a civilization has 
been in existence. It in itself is an ex- 
periment, and just because we have en- 
countered difficulty is no cause for de- 
spair. We must find out what is wrong 
and then remedy it, but we must not 
give up hope of a better and more secure 
life. 

Almost every group of human society 
has been blamed for our difficulty, and 
the grgup which we represent has come 
in for a good measure of criticism. Most 
of this has come from people who do not 








know, either through the lack 
nation or experience, how to pr 
future. We welcome criticism 
open to suggestions as to how t 
work better. We feel that this 
sion is just one of the echoes of 
war. Nevertheless it is a rea 
everybody must do what he can 
in every way possible to tide ov 
difficult times. 

We are being told that if we d 
new things we must accept the res 
bility to see that they are prope 
We can not accept this pr 
First of all, we do not know wher 
developing a new tool of human 
ness, and secondly a mind 
fact-finding and experimentat 
not make either a good politicia 
social worker. We believe that n 
the principles that have been de 
in the physical sciences can be u 
the study of the social sciences 
stand ready to contribute in ai 
that we can to this work. In 
ception of any new project few 
can see its significance, but when d 
ties are encountered they always \ 
turn back. Christopher Columb 
exactly this experience with his 
and while he did not reach his 
the result of his bold voyage result 
a very much more important thi 
that which he started out to do 

This same thing holds good 
eally every human undertaking 
must believe both in the integrity) 
people and in the motive whicl 
them on to their new undertaking 
must also have an open-minded! 
dealing with all new problems. \ 
Faraday was experimenting on s0! 
his first work in electricity a men 
Parliament said, ‘‘What use ¢: 


ever be?’’ He replied, ‘‘You m 
able to tax electrical apparat 
day.”’ 


This has, we all know, come t1 
the short space of time between the | 
tury of Progress of 1933 and to-ni 
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rreat many significant steps have been portant in this great expositio1 
; ‘n all branches of science, indus- which we have a part 
and human relationships. These Most people think that science and 
be discussed by our distinguished industry are interested only in t d 
ests. While no one can predict what velopment of labor-savil machinery 
significance may be, we know that This is entirely a false notion But 1 
ese new things have as great a poten- must not forget that for U past ol 
the years when the great buil 


t this time as any other great dis 


ries had in times past, at their in 


ntion. Every activity has before itself 


voing on this labor savin 


railways, cities and industrial 





. . Important thing because w hay 
many great jobs to do. Perhaps one of ee , ‘ 
; , . . enougcn pe ple to a ‘ wo! And 
hem that concerns us most is with ‘ : : 
_ only five years ago we had a sca1 
The doctor has done a wonder- _, ak ‘ one 
| sob in his 1 1; , f labor in this country We a 
» in his long tedious Journey trom ; ; o- 
lici f tates, it] much more interested in the prod n 
» medicine man Of ancient time, with , 
medicine ( i a“ of labor-produ ing pr ts and in 
his attemy scare away evil "its, t : . , 
is attempt to sx are at a bh spirits, theme Uae: wie dae tm tole eoike 1 it 
present day of scientific approach j, oyr desire to present to you to-n 
1 inte ivent ino j a take . . > . . } 
1 intelligent diagnosis. It will take 4);. point of view. If you will only 
m many years of the new century tO jeeoenize how much there is vet to 1 
derstand all the delicate chemical re done that will be of general ¢ , 
tions at j > ‘ “ste ; 
ions that go on in the human system. whole human fami y, then we 1 aad 
lhe physicist, the biologist and the engi- worry, but we must be bold enough t 
are all being asked to lend their take those forward steps w will 


issistance in this great work. The ex- bring back prosperity in 
hibit of medicine, surgery and general that we desire or in anv 1 


} 


health education is one of the most im-_ we have imagination en 


i 


By Dr. F. B. JEWETT 


VICE-PRESIDENT OF THE AMERICAN TELEPHONE AND TELE‘ APH OMPANY 


PRESIDENT OF THE BELL TELEPHON LABORATOR 


In the field of electrical communica- these accomplishments are 


tion, with which I am most familiar, the for. 

history of the recent past and present Substantially all prese 
-ondition of our technical understanding cal communication, which 
and the prospect of enlarged benefits in world its far-flung and « 


+ | 


activity in research and development with its direct and indirec 
] 


will be as productive of benefits in the of hundreds of thousands 


years ahead as it has been in those of the women, has been accomp 
recent past. While no one in this field period since the time of t 
of applied science, any more than in any Exposition in 1876. All 


any measure 
neasure which 


rh ¢ eon 
rl n 


‘xtensive net 


he future are such as to leave no scin- work of telephone and telegraph commu 
tilla of doubt in my mind that continued nication facilities by wir ‘ad 


lic} 
he Centennial 


ge ss 


of it has been 


other, can say specifically and with cer- the direct result of painstaking research 
tainty Just what can be accomplished in in fundamental and applied science 


the next five, ten or twenty years, we do While the groundwork of 
have very definite assurance of the possi- structure is laid in the 
bilities of substantial accomplishment science discoveries of the n 
and of the general directions in which tury, practical application 








our present 
fundamental! 
ineteenth cen 


yf these dis 








coveries in 1876 was confined to essen- 
tially primitive forms of land and 
submarine cable telegraphy. Had scien- 
tific research and development in this 
field ceased or been materially retarded 
with the holding of the Centennial Ex- 
position, electrical communication would 
have continued to be essentially a weak 
and insignificant tool in our social strue- 
ture. It would have afforded little di- 
rect employment and would have been 
but little effective in building up and 
bettering our social structure. 

In 1876 there was no art of telephony 
whatever. There was likewise no art of 
wireless transmission either for point-to- 
point, person-to-person or broadcast 
transmission of intelligence. There was 
no way possible of communicating intel- 
ligence to mobile objects, such as ships, 
beyond that afforded by the slow meth- 
ods of visual signaling within the lim- 
ited area of the visual range. There was 
no art of recording and reproducing 
sound, such as is involved in our mod- 
ern phonographs and talking motion 
pictures, both of which are the direct by- 
product results of research and develop- 
ment work in the field of electrical com- 
munication. 

In the period which has elapsed since 
the time of the Centennial Exposition, 
and particularly during the last twenty- 
five years, progress in the field of elec- 
trical communication and in related 
fields, as a direct result of scientific re- 
search and development, has been enor- 
mous. New arts of inestimable value to 
society have come into being, have given 
rise to remunerative employment to hun- 
dreds of thousands of men and women, 
and have added materially to the better- 
ment of living conditions. The direct 
results definitely allocable to these ad- 
vances through science, while enormous 
in themselves, are insignificant as com- 
pared with the indirect results which 
have followed in the train of a quick, 
reliable and world-wide introduction of 
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electrical communication in all its y 
aspects. If we were overnight t 
nate the results of research and d 
ment work in the field of electric 
munication during the past twent 
or even the past ten or fifteen yea 


dislocation of the social and indust 


structure would be appalling. Ma 
our everyday activities would b: 
mously curtailed, many of them 
not be carried on at all, and vast 
bers of the population now gai 
employed would be added to the 
of the temporarily unemployed. 
The processes by which our p1 
day results have been achieved 1 
continued scientifie research and 
opment have been accompanied 


steady progress in the methods and t 


by which this type of progress cai 
be accomplished. We have to-da 
the numerous great industrial res 
laboratories coneerned with the 
lems of electrical communication, 
erful weapons for attacking the 
lems of the future and for making 
and immediate use of every discove! 
the field of fundamental science w! 
applicable to a betterment of elect 
communication. We have a vast st 
accumulated knowledge and a g! 
inereasing amount of information 
where further effort can be appli 
betterment of electrical communi 
We know that despite all that 


} 


ready been done, there are still g1 


opportunities for the improvement 
tension and cheapening of our p! 
systems of telegraphy and telep 


We know that unless our present eff 


are artificially restrained through s 


sighted conclusions predicated on a! 


row viewing of the current effects 


depression, we can very greatly ext 


and cheapen the facilities of ele 


communication to the very great b 


of the entire social and economic st 


ture. There is no sound basis for | 
ing that achievement of these pr 
tive objectives, through continued s 
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i 
- 








om 














ic research and development and prac- 
tical application of the results, will have 
anv different effect on employment and 
standards of living in the future from 
that which has been the invariable result 
n the past. 

In the past, in the field of electrical 
every substantial 


communication, step 
rward through scientific research and 
with it in- 


} 


development has 
creased employment and has been in the 
direction of a better standard of living. 


Whole arts have been created to afford 


carried 
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employment to vast numbers of people 


By Dr. W. R. WHITNEY 


VICE-PRESIDENT IN CHARGE OF RESEARCH, GENERAL ELI R OMPANY 


Amone the future developments which 
immediately suggest themselves are: 

Air conditioning-temperature and hu- 
midity control, in homes, offices, schools, 
hospitals and other public buildings; 
light, stream-lined, low center of gravity 
trains for speeds of 100 to 200 miles per 
hour; electrification of all railroads; 
trunk highway systems avoiding cities 
and towns and separating passenger cars 
from trucks; highway lighting, making 
high-speed night driving safe; flying at 
high altitude for increased velocity and 
economy, automatic piloting and landing 
control from ground; complete substi- 
tute for visual control, perhaps inelud- 
ing micro-altimeters and micro-fathom- 
eters, for making flying and navigation 
safe in thick weather; home teletype by 
radio, giving up-to-the-minute 
home motion pictures by radio; home 
television for events of interest; reduc- 
tion in cost of power as by mercury 
boiler, coal used at mine, ete.; high 
voltage, direct current transmission, re- 
ducing power costs and extending eco- 
nomic radius; new materials—improved 
textiles, new synthetic resins replacing 
wood, metals and other natural materials 
for many purposes; new alloys, 
Structural materials giving better heat 
and sound insulation ; production of new 
and useful mutations and control of 


news: 


new 


where no employment whatever obtained 
before. Each extension of service and 
each thing which has resulted in cheap 
ening or bettering the service has 

wise resulted in increased direct and n 

direct employment. It is incor vable 
to me that continuation along tl path 
which we have been following will carry 
in its train a complete reversal of these 
results or even a substantial modificatio 
in the effects on employment and ng 
conditions. 

malignancies by x-rays; elimination of 


{ 


needless noise; elimination of slums, ex 
tension of parks, widening and beautify 


household 


electrification of 


streets ; drudgery 


ing city 
ended by complete 
every home; all routine industrial and 
clerical jobs made wholly automatic; in 
creased productive efficiency, resulting 
in more goods for all, with greatly re 
duced working hours. 

in the engi 
That is, the 
scientific discoveries on which they are 
hand. Scie 


work, or careful curiosity, has always 


These items are mostly 
already. 


stage 


neering 


based are already at ntifie 
disclosed unexpected facts on which new 
engineering is based. Almost every one 
of our great engineering assets was at 
first a mere useless scientific curiosity. 
This is true of gas engines and of alu 
minum, for example. 
tricity and most of its applications. For 


It is true of elec 
(which now ac 


pipe 


Radio, itself, was 


years electric welding 


counts for miles of lines) was 


largely a curiosity. 


unforeseen and is the result of scientific 
curiosity, while radio tubes, for genera 
tion and for 
pated, but 


reception, were not antici- 
discussed as novelties of 
science. 

Moreover, we ought to expect science 
to start even more wide-spread engineer 
ing developments in the future than in 














74 THE SCIENTIFIC MONTHLY 


the past, because there are widely 
spreading fields and more distant areas 
in which the inquisitive are now work- 
ing. 

Certainly one can not foresee or pre- 
dict the 


elosures of the 


particular new science dis- 


future. They have 
usually been unneeded for a while, even 
after disclosure. In other words, we 
have to get the assets and then apply 
them before they possess real value. 
Judging from history, we can expect 
continuing changes in engineering de- 
velopment as long as inquisitive men are 
at work and we can not foresee them any 
better than men foresaw steam engines. 
This principle of discovery first and 
utilization after is the oldest thing in 
man’s history. 

[ have seen a tiny electric motor run- 
sunlight. <A 
Verne might picture the advantages of 


ning directly by Jules 


every one having a _ powerful 
electric center in his back yard, but 
is not a fair use of science in this 

t only serves to show how much we 
have to learn. 

Science 
transmuting them into other elem 
transforming matter into energy 
discovering new fundamental 
such as the positron, the neutron 
deuton, and now the triton. No on 
foresee the applications of this 
knowledge, but the electron brought 
long distance telephony, radio b 
easting, talking pictures, television 
scores of useful automatic cont 
Surely from its newly discovered 
leagues we may confidently expe 
time applications of equal or gi 
importance. 

Since the stone age, men have th 
the world was finished, but history s! 
that only one thing is certain—cha 


By Dr. ARTHUR H. COMPTON 


PROFESSOR OF PHYSICS, 


THE scientist is society’s scout who 
goes far into nature’s new territory and 
brings back a report of what lies there. 
Almost every new wave of technological 
advance has followed upon some impor- 
tant new discovery by these scientific 
The studies by Watt and Car- 
not of the properties of steam ushered in 
the first great era of mechanical power. 
The discovery of electromagnetic induc- 
tion at the beginning of the century of 
progress which has just passed made 
possible the electrical industry with the 
great changes in living which that has 
implied. In the discovery of electrons 
and their emission from hot wires was 
born that vigorous youth, the radio in- 
dustry. Such examples are sufficient to 
indicate that with further advances of 
science new industries may be expected 
to arise which will change our mode of 
life, much as our present way of living 
differs from that of our grandfathers. 


seouts. 


UNIVERSITY OF CHICAGO 


Contrary to the thought sometimes « 
pressed that the great finding of ph) 
and chemistry have already been 1 
there seems no indication that our 
coveries have begun to exhaust the poss 
bilities of nature. On the other | 
techniques for making discoveries 
been so developed, and the number 
trained men carrying on scientific 
search has so rapidly increased that v 
may expect the next generation to s 
more great advances in science even t! 


the last. The direction of science’s 


mediate future is indicated by the lines 


of study which are just now being em 
phasized. A telescope mirror of | 
times the light-gathering power of « 
present best instrument is being 
structed which will enable man to se 
farther into space than ever bel 


Great high voltage equipment is almost 
completed which will form a new tool for 


investigating the inner citadel of the new 


to-day is smashing atoms 
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m where its precious store of 
is hidden. Powerful 
eing built for observations in different 


energy 


instruments are 


arts of the world to study those mys 
rious visitors from outer space which 
ve call cosmic rays. The methods of 
and 
proven so effective in their own fields are 
heing extended to the study of growing 
lls with striking results. 

Our telescopes and spectroscopes have 


chemistry which have 


mVSICS 


shown us rather definitely the size of our 
vast universe. It is reasonable to sup- 
shall find 
knowledge regarding the ancient history 
Has it been in opera- 


pose that we soon some 

that universe. 
tion forever, or did it start at some more 
r less definite time in the ancient past? 
If the latter guess is correct, we may 

pe to learn the when and perhaps the 
how of that great beginning. 
proach to this question comes through 


the cosmie rays which have perhaps been 


One ap- 


coursing through space since the begin- 
of the world, and may thus carry 

with them those 
nings we are already making in the labo- 
ratory of Madame Curie and elsewhere 
artificial radioactive elements. Where 
Very probably to the 
matter. 


ning 
h begin- 


an account of 


will these lead? 
creation of useful new forms of 
There is a remote possibility that such 
experiments may lead to a new store of 
available energy, and if so, the magni- 
tude of that energy should be tremen- 
dous. We do not yet 


whether this great 


know, however, 


store of atomic en- 


SCIENCE AND 








INDUSTRY 


ergy can be put t ir use, much less 


we suggest how 


In an age when available power is 
problem of great importance, the possi 
bility of synthetically preparing chlor 
phyll, and through its ; n store in 
chemically the power from the sun in a 


more efficient way than can be d 


through the growth of plants, is an « 
ticing one. It would seem highly prob 
able that physical and chemical methods 
of making artificial living cells will bi 
developed. Enough progress toward 
understanding the processes involved has 
already been made to predict that this 
further great step is probably in the 1 
distant future. This of cours iS 
direct relation to life in its more cor 


plex forms, such as plants and animals 
It required millions of years for nature 


to evolve these « rganisms; nevertheless, 


if artificial life in its simplest form can 
be produced, its significance in supply 

| - ppt) 
ing man with new powers and in chang 


ing perhaps his complete mode of ex 


istence can hardly be overestimated 


Perhaps these glimpses into w t} 
future of physics and chemistry may 
have in store will serve suggest t 
great possibilities which are yet ahead 


Unless civilization utterly fails us and 


tron +ha ‘ UK ye 


removes 


By Professor ROBERT A. MILLIKAN 


CHAIRMAN EXECUTIVE COUNCIL, CALIFORNIA INSTITUTE OF TECHNOLO 


THE progress of civilization consists 
merely in the multiplication and refine- 
ment of human wants. Leave the human 
spirit free for the development of science 
and education and no bounds can be set 
to the possible fullness of life of the 
average citizen of the United States in 


the coming century. But destroy the 





the means whereby research can be car 
ried on we may confidently ; ate a 
eontinued and rapid growth of our 
knowledge of nature and with that 
knowledge a growth of men’s powers 

freedom of that spirit either by the 


blight of another world war or by the 
insidious blight of what Herbert 


Spencer called the ¢ 


more 


much stateism—and the 


spoiled. 


In my own field of physics we seen no 


end to the road. 
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By Dr. ARTHUR A. NOYES 


DIRECTOR OF ° 


IN my own field, chemistry, and in 
science generally I feel sure that if sei- 
entific and industrial research are stimu- 
lated and not handicapped there will 
result in the the 
stimulation of the wants of men and a 
much greater employment of labor than 


future as in past a 


the unemployment resulting from dis- 
old industries. Recent 
chemical research affords striking illus- 
trations, such as development of light 
metals of modified steels, the numerous 


placement of 


cellulose industries, and most strikingly 


; GATES CHEMICAL LABORATORY, CALIFORNIA 


INSTITUTE OF 


TECHNOLOGY 


in the promotion of health and effic 
through 
is true there is always likely to 


biochemical investigations 
maladjustment of indust 
and employment which must be br 
handled by industry and the g¢g 
ment if The results of 
ure to do so must not be attributed 
it is by some persons, to the advance 


temporary 


necessary. 


science, from which our modern ciy 
tion has largely resulted, but to 
trial social and political failure to 
rapidly new situations. 


By Dr. JOHN C. MERRIAM 


PRESIDENT, CARNEGIE INSTITUTION OF WASHINGTON 


I AM in agreement with you regarding 
the importance of the development of 
science and industry and a broad vision 
of policies relating to future progress. 
An attempt to secure a safe foundation 
of fact and to develop a clear vision of 
opportunities for the future represents 


one of our great responsibilities. May 


By Dr. G. H. 


PROFESSOR OF ZOOLOGY 


BIOLOGICALLY speaking it is fair to say 
that man’s social progress is now only at 
its beginning and that the two million 
years that separate us from the cave- 
man mark only the start of human life; 


I express my belief in the effort to s 
such understanding of our present sit 
tion and of the conditions which eg 
human activities that we may be ab! 
develop policies of the most construct 
type and open the way for advance v 
a minimum of loss and the maximun 
advantage for the future. 


PARKER 


HARVARD UNIVERSITY 


the of the next two mi 
years is as inevitable as that of the las 
and when we have reached this new g 
such events as the present depressi 
will have vanished beyond recogniti 


progress 


By Dr. RAYMOND PEARL 


PROFESSOR OF BIOLOGY AT JOHNS HOPKINS UNIVERSITY 


I am of the opinion that we are on the 
threshold of advances in biology gen- 
era!ly, and particularly human biology, 
that will fundamentally alter our out- 
look. Progress in biology in the next 
decade, comparable in significance to 
that in physics in the last decade, may 
confidently be expected. 

Already we know how in the labora- 





tory to increase the 
organisms to utilize their available 
sources in food material and energy) 
vital processes, such as growth and d 


tion of life from three to ten times 


their usual performance with c 
sponding relative increases in § 


longevity, and so forth. 
Developments and applications al 





power of lower 
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ese lines are likely to come in the not 


distant future. Our greatest need 
w is for more encouragement and sup 
rt of research in human biology to 


By Dr. J. Mc 
ITOR OF SCIEN( AND 
SCIENTIFIC research and the applica 
ions of science in the course of 150 
ears have increased fourfold the pro- 
ductivity of labor; they have doubled 
the leneth of life. Science has made it 


nossible for each to work at routine 


tasks half as long as formerly and at the 
same time to consume twice as much 
wealth. Fourteen hours of labor, shared 
y women and children, once provided 
vels, lice and black bread for most 
people, luxury for a few. Seven hours 
labor will now supply comfortable 
mes, warm clothes and healthful food 
r all. If the resources provided by 
science were properly distributed—as 
they will be when we have an applied 


selence of psychology there is now 


sufficient wealth to enable all to share in 
the desirable luxuries that science has 


SCIENCE AND INDUSTRY 


KEEN CA 


make possible a better social integration 
' 

between human beings in the mass, and 

discoveries and advances in the lus 


trial field 


TTELL 


SCIENTIF 
created—running water, elect s 
hold equipment, telephones, automobiles, 
radios and the rest—and to enjoy in fu 
measure the most nearly ultimate goods 
of liife—hom riends, things 
dom, self-respect 

Phe app Ca Is » Cl { nay t ] 
ished slavery and serfdom, the need 
child labor, subjection womal 
they have made possible universal ed 
cation, democracy and equality of oppor 


tunity, and have given us so mucl 

these as we have Science has not niy 
created our ¢i\ 
it the 


During the coming century, the advance 


finest art and the truest faith 
ment of science should be the chief con 
cern of a nation 


increase the welfare of its peopl 


By Drs. WILLIAM J. and CHARLES HORACE MAYO 


MAYO CLINIC, ROC 


THE discoveries of Pasteur and Lister 
have resulted in the elimination of con- 
tagious disease through preventive medi- 
cine. The average life of mankind in the 
time of Queen Elizabeth was twenty 
To-day the average is fifty-eight 
years for man and sixty-one for woman, 


years. 


who is biologically more important. 

As the life span has increased, dis- 
eases of later life, that is, cancer and 
diseases of the heart and the blood ves- 
sels, have taken the major toll. Remark- 
able advances have been made by new 
methods not only in the diagnosis of 
cancer, but in its eure, so that the per- 
centage of cures in recent years has been 
doubled. Marvelous progress has been 
made in a better understanding of dis- 


HESTER, MINN, 
eases of the heart, the blood vessels and 
the kidneys, which to-day have been 


brought into the field of 
medicine. 
Much of this new knowledge has beer 


brought about by better understanding 


of heredity in relation to constitutional 


liabilities. The scientific discoveries I 
to-day are becoming the handmaidens of 
the medicine of to-morrow. 

Seventy-five per cent. of the energy 


produced in the human body is not 
under conscious control. Certain small 
inconspicuous glands of internal secre 
tion, which act through the sympathetic 
nervous system when affected, are re 
sponsible for many of the physical and 
mental disorders of man. 















These recent discoveries in medicine 
are leading to astonishing results, and 
give a prospect that the life of man will 
soon reach the Biblical promise of three 
score and ten. 

The people of America base their 
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hopes of sound democracy on educat 
so that government which now is 
trolled too largely by emotions ma 
more intelligently administered. 
medical profession is one of the 
forees in bringing about social prog 


By Dr. RAY LYMAN WILBUR 


PRESIDENT OF STANFORD UNIVERSITY 


Far from being finished, the human 
family and our social organization are 
not even started. We have uncovered 
the geography of the world and are be- 
ginning to put various universal laws 
into service. Every time our research 
workers develop a new fact, new possi- 
bilities of advance are opened up. Our 


nation has benefited more than 
other from discoveries and invent 
This is a period of readjustments fi 
ing a great war. If we can preserve 
liberties and retain for the individua 
freedom of action and exploration 
the unknown, we will find new ways 
vo forward. 


By ALFRED P. SLOAN, Jr. 


PRESIDENT OF THE GENERAL MOTORS CORPORATION 


Ir is tremendously encouraging to be 
assured by men who speak with au- 
thority that science is ready to show the 
way to greater industrial progress and 
thus to higher standards of living and 
greater opportunities for all. 

In calling together the leaders of sci- 
ence and industry for our meeting on 
May 25, we asked two questions : 

**What is to be the progress of science 
and industry during the next decades?’ 

**Is there any logical reason to assume 
that progress is to be halted at this par- 
ticular point in our development?’’ 

The contributions of these men who 
are in actual contact with the problem 
show that the world is in no sense fin- 
ished; that great thought and effort is 
being expended and real progress ef- 
fected toward better things that affect 


all phases of our daily lives. They con- 





firm the belief that the very progress 
the past insures still more progress 
the future and at an accelerated rat: 
we have the breadth of view-point 
the knowledge of the facts to pr 
manage our affairs. 

The assurance of these leaders 
scientific progress is not a thing 
past is a challenge to America not 
satisfied with a static position eit} 
our thinking or in our actions. It 
challenge to us to continue to encou! 
and reward constructive efforts ar 
retain the principles which have n 
this country what it is. 

If we accept this challenge we wi 


celerate the processes of natural rec 


that we all believe are very definite! 


\\ 


the making throughout the world. W 


will build a sound foundation for a st 
creater future. 
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MAKING THE GLASS DISK FOR A 200 INCH 


REFLECTING TELESCOPE 


By Dr. GEORGE V. McCAULEY 


CORNING GLASS WORKS, CORNING, N. Y. 


To the scientist and research worker 
the casting of a glass disk for an astro- 
nomical telescope must seem a very sim- 
ple task. One constructs a mold the size 
of the mirror, an annealing oven which 
will contain the mold when filled with 
glass, melts a sufficient quantity of glass 
in some sort of furnace, transfers the 
molten glass into the mold, places the 
mold with its load of glass into the an- 
nealing oven, and finally, depending 
upon the size of the article and the 
known annealing constants of the glass, 
controls the rate of cooling of the glass 
in the annealing oven until room tem- 
perature is reached when the glass may 
be removed as the desired mirror blank. 
At least that is how it appeared to the 
laboratory staff of the Corning Glass 
Works when the problem of making a 
200 inch reflector for the California 
Institute of Technology was placed be- 
fore them by the observatory council 
of that institution late in 1931. This at- 
titude may have been born of ignorance 
of the dangers ahead or of a complete 
lack of any traditional ideas in the minds 
of that organization as to the proper 
methods for casting large telescope disks. 
At any rate those entrusted with the task 
had complete confidence in the ability of 
the laboratory and engineering facilities 
at their command to succeed. With this 
confidence, and armed with a full knowl- 
edge of the melting, working and anneal- 
ing properties of the glass they could 
see no great obstacles. 

The detailed accomplishment of the 
various steps in the process belongs more 
precisely to the realms of engineering 


than to those of the pure sciences. 


a 
> 


Since, however, the purpose of tl 
endeavor was to produce a tool for 
scientific research, an account of the en 
gineering problems encountered 
the regular glass industry practises em- 
ployed will be of interest to all 

The forming of glass objects by melt- 
ing broken pieces of glass at low tem 
perature in a mold of ceramic materials 


dates from antiquity. It is not possible, 


however, with all types of glass to se- 
eure articles by this method clear of ob- 
jectionable gas bubbles resulting from 
entrapped air 


erystallization marking the original ex 


and unsightly wisps of 
posed surfaces of the individual pieces of 
These defects are 
noticeable with the low 
borosilicate glasses, of which it wa 
sired that the 200 inch disk be made. It 
therefore, that the disk 
cast from the molten 


state by transferring the glass by one 


glass. particularly 
expansion 


S de- 


was evident, 
would have to be 


of the many known methods of the in- 
dustry from a mé 
mold. 

A mold material suitable for casting 


lting unit to a suitable 


class must possess certain properties. In 
the first place, it 
strength to sustain the load of the glass. 


must have sufficient 
Secondly, a certain degree of refractori 
ness is essential to withstand the tem 
perature of the molten without 


class 


fluxing. Thirdly, sufficient insulating 
qualities are needed to prevent too rapid 
eooling and hence excessive tensile 


stresses in the parts of the glass in con- 
tact with the mold during the forming 
And finally porosity of the 
mold serves the usual purpose i? 
ing any molten material and especially a 


process. 


Cast- 








¢ 


highly viscous one. Without outlets for 
entrapped air to escape through the mold 
bubbles form. These increase in size by 
virtue of the high temperature of the 
glass and form ‘‘blow holes’’ in the east- 
ing 

The research necessary to perfect a 
mold material with these properties, as 
indeed was the case for many of the prob- 
lems involved, consisted largely of find- 
ing a commercial product, which ap- 
proximated the requirements and then 
of applying the needed modification to 
make it work. The mold was thus made 
from a commercial high temperature in- 
sulating brick which admirably pos- 
sessed the qualities of strength, porosity 
and insulation. It was also soft enough 
to be sawed readily in any desired 
shape. By applying a simple coating in 
the form of a thin wash of silica flour its 
refractoriness was increased and to its 
surface was given friability which sub- 
sequently insured easy removal of the 
glass from the mold and incidentally 
prevented the evolution of small bubbles 
of gas from the surface of the mold after 
the prolonged heating following the 
casting operation. 

The making of the mold was some- 
what complicated by a desire to obtain 
the requisite rigidity in the large disk 
with reduced weight. In accordance 
with the age-old tradition of making the 
mirror thickness one sixth its diameter, 
the 200 inch mirror would have been 
nearly thirty-four inches thick and 
would have weighed over forty tons. 
While the astronomers are very anxious 
for increased diameter of mirror they do 
not want the increased weight that goes 
with it. To meet these demands a ribbed 
structure was decided upon. This gave 
the required rigidity with an over-all 
thickness of twenty-five inches and a 
weight of twenty tons. The general 
form of this structure as seen from pho- 
tographs of the 30 inch flat, 60 inch con- 
vex and 120 inch test flat which has al- 
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ready been cast and annealed is o1 
which the novice might be expect: 
arrive with compass and paper 
learning that a regular hexagon can 
inscribed in a circle with the side of 
hexagon equal to the radius of the 
cle. 


The form, however, besides suggest 


an elementary theorem in plane g 
try, serves several useful pur; 
from the standpoint of glass casting 
mechanical strength. The straight 
intersect the round ones, forming 
points of support at right angles 
hence acute angles around which st: 
may be high are avoided. Also 


‘ 


straight ribs with the points of sup; 


are in straight lines which makes 
continuous ribs across the disk in 
directions. 

In making the mold masons b 
pattern makers, using blocks of ce1 
material instead of blocks of wood 
eores for the mold were formed 
cementing together shapes cut f 
bricks. With the cores fashioned 
were located on the floor of the m 
means of a wooden template compr 
one sixth of the area of the mold. T 


cores were then anchored in place wit 


metal plate and rod at whose lower 


a spring under compression sufficed 


take up the differential expansion 
tween anchor and core during the p 
ing process. 

The annealing oven, while intri 
in detail, is after all quite simple 
is in reality a ‘‘black body’’ encel 
whose walls are maintained at a unif 


temperature by a system of unifor 


distributed electric heating units 
trolled by thermocouples in conjunc 


with automatic temperature controll 


A simple mathematical calculation 


fices to tell the power input requir 


and hence the size of heating unit 
maintain a given inside temperatur 
a fixed degree of insulation. 


It 


y 


t 


, 


To keep the power consumption 
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ABOVE IS THE 


LOW IS THE 60-TON SCREW 


INTERIOR VIEW OF THE POURING FURNACI 
HOIST FOR TRANSFERRING THE DISKS FROM POURIN( 
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annealing low the insulation of the kiln 


was of course given considerable atten- 


tion. In its entire construction no metal 


passes unbroken from the interior heated 


portion of the outside, although the kiln, 


weighing many tons, is suspended by 


rods rrom an overhead steel structure To 


ermit the insertion of the disk with its 
| 


mold from below All 


insulating 


rods 


suspension 


are broken with an medium 


under compression at the break. Thus 
the cireular vertical wall and the roof 
of the kiln are suspended from above 
with fixed electrical connections to the 
source of power. The floor of the kiln is 
built under the mold on the table of a 


sixty-ton screw hoist with flexible elec 
trical connections to the power supply 
When lifted into position the side wall of 
the lower part of the kiln telescopes with 
that of the upper into a ring of insulat- 
the 


elass in the center of a ‘‘blaeck body’’ 


ing powder and completely seals 


furnace, 

The method one employs for transfer- 
ring the molten glass from a melting 
unit to the mold depends somewhat on 
circumstances of location and on the na- 


the When 


viscous liquid such as the pro 


ture of olass. one pours a 


highly 
verbial ‘‘molasses of January’’ from the 
barrel to the pitcher one entraps bub- 
the 
readily 


these 
because of the 
And so it 
is with the pouring of molten glass. It 


bles of air in pitcher and 
do not 


viscous state of the molasses. 


esca pe 


is very difficult to avoid introducing 
these bubbles: hence some provision 
should be made for their removal. In 


doing this one has the choice of either 


transferring the glass to the mold 


quickly at a high temperature so 


very 
that 
the viscosity of the glass after casting is 
still low enough to permit bubbles to rise, 
or to provide means for reheating the 
glass in the mold during and after pour- 
ing. The 
ingly difficult as the quantity of glass to 


first plan becomes increas- 


becomes greater and as 


the fluid 


be transferred 


from more crown 


we pass 
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olasses to the VISCOUS boros 
Cause ot the enormous quantity | 
that must be dissipated quickly 


increased viscosity which retards 
of bubbles under the action 
Consequently in the 
inch disk recourse was had 
ond plan above 

A round furnace structure o1 
as it came to be ealled, was s 
from an overhead carriage, In 
such that the mold could be ele 


eontact WwW 


| 
: ‘ang | 


tS upper rim In 

the underneath portion of the s 

above. When sealed in this posit 

mold and hood above constitut 

furnace which could be lhe | 
many gas burners around its 


to a Lyo0” ( | 


abled 


maintained 


temperature ol 


any desired temperatum 





the glass 


while 
} 


transferred to its mold and p 


subsequent heating after the 1 

filled to cause the escape of all ent 

vas bubbles. 
For the 


furnace the same 


construction of the 


light, refract 
lating brick was employed as 
in the mold. 


This kept the sus 


weight on the overhead carr 


++ 


minimum and insured the a 


the desired temperature ror the 
ot bubbles. 
The carriage support for the 


furnace provided for moving 





the way while building the mold 
table top of the serew hoist. wl 
wise was movable on its carriag 
in a direction at right 
motion of the 
after 
glass to its mold and reheating 
bubbles it 


floor below 
To the 


carriage. 


pouring 


Thus transfer! 


from Was an easy matt 





pressing a button to lower the fift 
load ot 


of annealing 


glass, mold and bottom p 


shift the wi 


kiln, 





sembly laterally with the hoist 
and raise into position inside 
nealing kiln. 


The large quantity of molten g 





A 200 INCH REF 


LADLE OF MOLTEN GLASS ON WAY TO MOLI 
DLE HANGER, TROLLEY AND BALANCID 
BOWL IS THE EDGE OF CHILLED GL 


‘LADLE SKIN’’ 


POURING FURNACE OR 


SED FOR CASTING 
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ASSEMBLED VIEW 


WHILE THE 120 INCH DISK WAS IN PROCESS OF 


90) 





30 INCH 


REMOVED FROM 


DISK CAST ON MAY 1, 1932 


JUNE 


KILN ON 


ANNEALING 
1, 1932. 


THE 





OF THE 


COOLING. 





ANNEALING KILN 


THE SAMI 


INCH DISK. 


quired is best supplied from 
unit known to the 
‘*tank.’’ This is nothing mor 


large pool ( 


indust 


lass 


olass Col 


f molten 


walls of refractory clay over 
brick structure closes the sp 
which fuel is burned as in 


hearth furnace of the steel indust 
is possible in this manner to s 
large volume of glass of more 
physical properties than if me: 


many small pots, as has been tl! 








of the past in making telescope dis 


Many ways, tried and untried 
be used for conveying the glass 
the to the mold 
actual making of the 200 inch d 
method of ladling was selected as t 
best suited to the particular 
as costing less to install and ope 


melting unit 
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nufacture of a single disk and as 
associated with it the least ¢ 
This 1s in part an old 
employed in the manufacture 


elass and was known to work 


] 


In this process large iron ladles 
f holding approximately 750 
ds of glass are employed. A swiv 


-on a trolley carries the ladle on 
rhead track for easy transference 
tank to mold At the lower end of 
inger is a second trolley wheel run 
in a ¢levis attached to the ladk 


and extending parallel with 





s clevis permits the point of susper 











of the ladle system to shift with the 


When empty, balance is obtained 60 INCH DISK CAST ON JULY 
the far end of the elevis, and when REMOVED FROM E ANNEA G OVEN 0O SEP 
ided, at the near end with respect to use 19, 19 


the bow! of the ladle. 

In filling the ladles attention must be thoroughly cooled with water. It is then 
paid to the viscous nature of the glass. dipped down and a slowly rotating mo 
Passage of the ladle rim through the tion imparted about the handle as an 


~ rlass can not be hurried if one wishes to axis turning in bearings in the balancing 





fill the ladle with a single and simple clevis. One edge of the ladle rim thus 
dipper motion. The ladle enters the cuts through the glass and cups out that 
nk in an inverted position after being portion of glass which fills it. The ladle 
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1 


is then returned to its horizontal po 
sition and withdrawn from the tank 
with the point of suspension automati- 
cally changing in the clevis. The surplus 


vlass adhering to ft entering rim ol 
] 1? 
the lad during filling 1s 1 vy removed 
leaving enough ¢l ad glass pl ting 
over t rin isan anchor r hold 
; ] + 
mie hie Vint is rll SKIT} neN > Tile 
] ; . 
hit 1 Ol I ia Vl rill Prom 
11 
t] er rit the mold. T! idk 
\ ? S Ti returned T I oO! 
| ] ; 4 ] 
ihing na Tiye ank TO AaSsIs nh main 
+ + ] | ; } +} + | 
ining the level of the e@lass in ( nk 
Tl ) ] T } 
is heal e inl | pon IS POSSILDIE 
rT’ } . i + s eS ] 
The revula ed COOLING oO} anneating 
{ | ] ] ‘ 4 
0 the @lass disk IS larg V automatic 


Temperature controllers, ten in number, 
hold the temperature at ten scattered 
points in the inner surface of the kiln 
at whatever value the operator sets the 
dials A constant temperature of 500 
(. will be needed for fifty days to relieve 
stresses. By decreasing the dial setting 
of one after the other of these instru- 
ments at three-hour intervals, the tem- 
perature of the entire kiln is then re- 
duced one degree centigrade in thirty 
hours. Thus the disk is gradually cooled 
to room temperature when it will be 
ready for inspection and shipment. 

With disks of 30, 60 and 120 inches 

















in diameter successfully cast 

nealed with ribbed structures 

vlass for the 200-inch mirror 

its mold, it should now seem cert 
even larger disks could be mad 
ploying the methods and equipn 
lined here. 
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PRESENTATION OF THE MEDALS OF THE NATIONAL ACADEMY O} 
SCIENCES 


itstanding events at 1 ss. DD I] 
O Nat nal \ca 
S Ss 1s iW i n . { Z, 
i s 14 | ! l I] 
n shin s ! rest ( 








( Ss 
4 ‘ t 7 ils 
iS 
S 
[peters ant others of high ae 
s fron honors ! 
pon I Wacden Vv its men 7 < 
uy I ict mp snu Hts 
neemen cnowledg 
Short presentation addresses by men * 
s of the academy accompanied the =A Namen 
the medals These, in part f the Norweg 
duced ! t 


Tue AGaAssiz MEDAI 


Agassiz Medal was awarded 


Helland-Hansen, of the Geof; y 
siske Institut, Bergen, Norway, in recog H nd-H ~ 
n of his work in physical ocean 0] ng 
graphy and especially for his contr ie B 
ms to knowledge of the dynamic ot aR + 


‘ulation of the ocean. In his presen 




















land as a test case. Later came Bierkenes’ 
monumental volumes on ‘‘ Dynamic Meteorology 
and Hydrography,’’ following which, and with 
gradual developments in mathematical method 
(in which Helland-Hansen’s touch is repeatedly 
to be seen) many dynamic studies have been 
made for different parts of the sea. The cur 
rent surveys made on the Grand Banks by the 
International Ice Patrol Service are a direet 
result of Helland-Hansen teachings. But again 
it awaited Helland-Hansen, working with Nan- 


sen as so often, to apply dynamie calculation to 


accumulated data for a great ocean, and so to 
make clear the circulatory tendencies existing 


} 


on so broad a seale throughout the whole mile 


det p mass of water. 


Tue Evutiot Mepau ror 1930 

The Elliot Medal and Honorarium of 
$200 for 1930 was awarded to Dr. 
George Ellett Coghill, professor of com- 
parative anatomy and member of the 
Wistar Institute of Anatomy and Biol- 
ogy, In recognition of his work, ‘* Corre- 
lated Anatomical and Physiological 
Studies of the Growth of the Nervous 
System in Amphibia.’” Dr. Ross G. 
Harrison, Sterling professor of biology 
at Yale University and chairman of the 
Committee on the Elliot Medal, in con- 
ferring the honor upon Dr. Coghill, 
made the following statement concern- 


ing his work. 


Embrvologists have dealt for the mos part 


with the development of organic form, disre 


garding the fact that with it goes hand in hand 
the development of activities or function. The 


correlation of these two phases of development, 


beeause of the difficulties involved, has not re 
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ceived the attention it merits. It is 


in this field that Dr. Coghill’s pionee 


won for him a place of high distin 


amphibian em} 


+511 


rvo, still in its enve 
the first muscular movements when 
form begins to shape itself and head, 
tail are easily reeognized. The cl 


these movements rapidly undergoes 


change s during the remainder of embr 


until at hatching they are quite com] 
young animal is able to shift for it 
progressive changes in reaction 1] 


lowed by Dr. Cog 


il step by step n 
en brvos, and it en h stage cases 
diately after their reac ns had 


were preserved and studied micros 


th S Ww iy the i + 1a etat + d +} 
the nervous system in each ind l 
correlated with its behavior It has 
that a progress differentiat n t 1 
fibers nd sens rgans takes } 
al rt } , the nit it a 
sponding rea ns Assoc 
tion, |! l rtain sense al gol 
s the process of g th. the s 
has requ d tl ( i ny f tl Ss 
ind char ng their pos ns in t s 
d brain t r s 8s ges ft 
This has in l n nsé 
taking wo el | } } 
purpose, had the task not | 
1 man of broad knowledge and s 
Fr s is l | } 
of he origin tr ne! is Tun I \ 
does tl nervy s sVSs , is 
independent refl s hicl ter 
grated On the contrat it each stag 
tions as a whole, expanding from stag 
and as development proceeds, vat 
functions arise within it as more or les 
reflexes. These investigations of Dr 


will have a lasting influence in psycl 


physiology as well as in embryology 
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Tue Exuuiot Mepau ror 1931 
Elliot Medal and Honorarium 
S’oO tor 1931 was awarded tO The al 
hay son B ack Dr Black, a native 
1, Was professor of anaton Vv at the 
ne Union Medical College, Peking 
China. at the time of his death on Mare! 
15. 1934. This award was made in rec 
nition of his work on an adolescent 
ot Ninanthropus pe kinensis in com 
son with an adult skull of the same 
species and with other hominid skulls 
recent and fossil. In giving the reasons 
the award to Dr. Black, Dr. Henry 


FF rfield Osborn. honorary president ol 


American Museum of Natural His- 


» 1 
‘ 


tory and a member of the Committee on 

the Elliot Fund, said: 

‘he honor falls to me of describ ng his share 

n the discovery and his unique part in the de 

n according to the very highest stand 

f modern pre historic anthropology, of the 
f 


Peking man, Sinanthropus pekinensis, which has 


ulready become a elassic. These additions to 
the great and highly diversified family tree of 
man were discovered in the years 1926 to 1929 

i cave fissure deposit about thirty-five miles 


southwest of Peiping, a deposit of very hard 


mestone known for many years to yield rich 
fossil remains of the early Pleistocene period 
estimated at approximately one million years 
M4 Infinite patience and infinite technica 
SA vere required to free these fr iglie spe 


ens from the matrix and a very high order 


inatomical knowledge to correctly interpret 
hen From 1926 to 1934 Davidson Black has 
1 his entire strength, energy and sk 
sing ind examin ng this series, wl 
me type lower molar (1927), two adult 


skulls, six parts of adult and 
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Agriculture, 
exceptional accomplishments 
velopment and promot , 
ploration and the 


plants, shrubs 


and Biology and 














I , nuplishmen n tl development 
na I , t XT nte for the 
! l ! ? nts ehr @ nd trees 
! [ i St s;: and for his ser es of 
i rking fetime hieh hay ! buted 
the easy availal tv of some of our finest fruits 
ind vegetables, thus adding to the wealth of the 
nation by opening new lines of activity to Amet 
an farmers It is to be noted that this award 


s a recognition of idea aims gu d ng long-con 


tinued scientific activity directed to the 


publie 


good 


THE CHARLES DooLITTLE WALCOTT 


MepAL AND HoONORARIUM 
The Charles Doolittle Waleott Medal 
and Honorarium of $1,350 was awarded 
to David 
U. S. 


White, senior geologist at the 
Geological Survey, in recognition 
of his work, published and.unpublished, 
on the life of the 
In his pres- 
Schuch- 


Precambrian algae 
Grand Canyon of Arizona. 
Dr. 
ert, chairman of the board of directors 
of the Walcott Fund, told how, as a 
collector, Waleott’s 


osity was piqued by finding some drift 


address, Charles 


entation 


young fossil euri- 
rock containing strange organic remains. 


E . 


Ones 





found identical 
they 


interest 


later he 
that 
His 
aroused led him to become the 
the life and his- 
times. Under Major 
he again found ‘‘pri- 


even Vears 


and learned were of 


** primordial time.’’ thus 


strongly 
world’s authority on 
tory of Cambrian 
Powell in 1882, 
fossils and the first traces of 
life. ‘‘No 
abundance the 
life that Walcott so earnestly sought,’’ 


mordial’’ 


Precambrian one has yet 


found in Precambrian 
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vw 


' 


mw 9G R LY. 12 


~ 
- 





Dr Schuchert eontinued. ‘tan 


with the idea of stimulating 


realize his unfulfilled ambition 


Waleott. who helped 


hundredweicht of Pree: 


her | isha 
many a 
presented to the Nationa 
fund 


honorarium to be 


algae, 
emy the which yields the 
and 
to-night. 

In the upper walls f the Gra 
oceur Carboniferous ind plants, 
formed the basis for one of the 
pa eobotan eal LU 
Grand Canyon, Arizona,’’ 
David White, whose ext 


floras has plaved no sma 


Shale, 
I iord nary Kl 
the coal 
inraveling of our late Paleozoic st yg 
In the 

White’s 
to the traces of Precambrian orga 
had been found there by Walcott 
ind which h: 


nificant by 


eourse of his work in the 


attention 


id been rendered eve) 
subsequent 


t series of Mont 


forms in the Be 





field seasons | studied with g 
detailed environmer f hes : . 
and collected tl ! bundat 
demons rated, with his istomar 
that the deposits in which they 
were those ot i sh: \\ en ! } 
been supposed, thos f a fres 
What Ss ey nN or = gl in 
methods of labor r researe! } 

i ind e] ‘ " . 
structurt f these remains and establis 
definite Vv as algae His prelimi 


have already appeared in a number 
and his monograph, to be published 


Washington, 


gether his studies on a 


negie Institution of 





rreat I 


y mass 





much of which was collected by Wak 
a decided st p f 
Precambrian life. 





researches thus mark 








our knowledge of 
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THE PRODUCTS OF INDUSTRIAL CHEMISTRY AT THE NEWARK 
MUSEUM 


dramatic manner in which the person may 
luets of the chemist s Test tubes are menadous and Viti ) \\ st 
wlanting the tamlllar materials of the plavs in the n rn world It was 
¢ 


d about us is the subject of an ex Sidlered 


which the Newark Museum opened sent such a <hibit in the New \ 


: e ; a 
publie at the end March unde seum because St} enn — 
Tie \] ra eS i ( miistry Vew reves . \ . 
dis yveriles I Industry ana S ‘ 
1 | S S hie wel et ! ) - S ~ ~ 
s I ndatus a \ DiITS W S 
1 
\ ‘ \M SEUTI s presel t dran i \ = 
i e achievements t r nalusti . ’ 
+ ] + } + 
S COMmMmuUnITS Du DeCaUse ~ ! } i? ‘ ) 
and timeliness has alreadv a id , SS] 
’ 
d wide interes mel nE nse 


The exhibit which fills the entire see field These in ded D \\ 
or of the museum and part of its Read, of Rutgers University; Dr. Ed 
st floor has been planned to reveal the ward C. Worden, of the Worden Lab 
many ways in which chemistry has at tory and Library; Dr. John H. Sehn 


\ ] 


\ fected every day life, so that the average chairman of the North Jersey S« 























THE 


NEWARK MUSEUM 
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Wil- 
editor of 
the New Jersey 
Station, 


Chemical Society ; 


author 


the American 


liams Haynes, and 
chemical publications; 
Agricultural Experiment 


others. 


and 


More than four thousand objects, lent 
by approximately 100 firms, are on dis- 
play in the exhibit, all of which relate 
to the history or background of indus- 
trial 
and 
and prints dealing with~the medieval 


and research chemistry. <A _ rare 


interesting collection of old books 


alchemists and the early pioneers of 


chemistry, which have been lent chiefly 

















from the University of Pennsylva 
Edgar Fahs Smith Memorial Coll 
is shown in the opening section 

exhibit. 
ing contrast an assemblage of son 


Here are also seen in int 


new chemical products of comm 
value which have been developed 
1931. These ‘‘children of the 

sion’’ are eloquent testimony of thi 
ingenuit 


++ 
be t 


flagging persistence and 


the chemist in seeking new, 
cheaper ways of providing the n¢ 
ties of life. 


food 


Plasties, dyes, perfumes 


materials are found amone 
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S chemical creations ( | s pales ‘ ‘ ‘ 
eround to this part of t eXhid s ithers al 
by a display of a striking sele roods, the ex . 
new synthetically produced tex roe rts » 
Yor W x . 
(dn the stairways leading up t The se ! ri S pl N ' 
joor are cases Showing the chemieca Jers is 
esses Involved in the manutacture wice as s 
sulphur, radium and aluminum Germany) 
Svmbols of the chemist’s most fam sections . 
perations and graphic illustrations rom coal ai st 
he basie theories of the science are In the e St R 
seen in the south entrance to the second plastics, the expos s nT . 
r of the museum's exhibit. Adjacent and perfumes an 
is section is a demonstration labora while the story ravons 
ry, fully equipped for performance of — how, by studying phvs 
simple and striking experiments. The esses of the silkworm chemis 
_ Ya 
ene ‘ 
7 . 
= 
: a? a 
- hal 
4 : y) j : 
- “oe «se ry 5 
> < 
ss ed _ 
iboratory is manned by four profes produced a wea new a 
sionally experienced chemists, headed by The New Jersey Agri Expr 
Emil W Roth, a former member of the ment Station at New Brunsw 


emical faculty of the University of 
Heidelberg, whose duties include the 
performance of the demonstration ex 
periments and the conduct of groups 


about the exhibit. 


Upon information supplied by Dr 
Read the next part of the exhibit is de 
ted to summarizing the facts concern- 
ng New Jersey’s chemical industries. 
The state has an annual output of ap- 
ximately $770,000,000 in silks, ray- 


tributed displays 


IStry ol 


while ne 


and the 
Perha 


a) 


;’ ] 
rf the many 


has invaded the 


the han 


designed 


Frankl, 


lsomé 
and 
the 


ly 


we 


avcrTic 
‘arby IS 
ods ai 
presery at 
ps t} e Th 
Wa, 


home has beet 


dl 


il 


furnished 
ecorated 


Known 
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Ne W 
created, 


been employ ec 


Krom a table 


stainless steel supports 


tains and a synthetic 


and waxed linoleum 


room @ives dramatic 


presence OF the 


tubes 


stainless steel sink 


Prom 


York City, 
man-made 
pract ical 


and desk ot 


Nn 


s 


produet 
A. kitehen completely 


in which chem 


materials have 


lv t 
TO 
the 


Ol 


} 


To copper pots 


and enamel kettles by chemically 


materials, j 


Importance of chemistry 


} 


In the 


a + 


proof of th 


hroug he 
Kormica with 
rayon 
fabric upholstery, 


floor, the 


hy 


equipped, 


+ 
t 


is another illustration 


h 


e 
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A nt 
Changes Our World”’ 
as a guide to the exh 
Miss W inser, 


museum, explains the po 


} 


4 ] 
Catalogue e 


ut ib 
Beatrice 
cur 
and 


entertaining art 


Haynes, the well-know) 


omni ical subjects, is also part 
e test and contributes 
The 
will 
reated until 


material) 
**Miracles of 
t + 


the end of June 


exhibit, 


continue 


ot the 


ome RUSSELL 








C 
New ark 


nen 


M 


NEWC\ 








THE MANNER IN WHICH 


rH 
FAMILIAR M 


ATERIALS IN THI 


CHIBIT 
DESK 


AND rOP AR 


ADAPTED PURPOSE, 


ITALIAN ICH 


NEARI 


THE 
PRODU ¢ 
HOUSI I 
Y EVERY 


MO 


**CHEMICAL”? 


» 





ROOM 


OF TI CHEMIST ’S TES'1 


rUBES 


LLUSTRATED IN THIS MODERN 


OF FURNISHING 


IS CHEM 


ric OF A LUSTER AND 


OF RAYON MATERIALS, 
THI 


VARNISH 


PROCESSED. 


LOSI ro 
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THE DROUGHT OF 1934 


close I \lay 1934 
drought in the ¢limat 
the United Stat 

the central valley 


ne Nort} western 


rrom 
rve areas ti lecided 
thers, was prevalent 
June over proximately 


s of the Unite States from New 


western Pennsylvania, West Vir 


ind central Tennessee westward t 


Sierras of California and 


Mountains of Washingt 


the Northwest the seri 
sub-soil moisture and 
pplies is the result of an accumulated ‘onsiderit 
ficiency in precipitation covering sev 1933, to May, 
vears. In fact, the general rainfall ilar period of record 
end in this area has been downward Missouri, Lowa, 
about a quarter of a century, culmi both Dakotas an 
ng in the present drought. Every ond driest in 
if the past five years, up to 1934, Extremely 
less than normal rainfall and the May in the 
uints for the first five months of the Northwest 
ent year have been the smallest scanty rainfa 
rd in most northwestern sections of occasions were 
m this northwestern area the records of temperat 
ght spread westward, southward considerable sé 
eastward to the Appalachian Moun May ever known 
s on the east, Tennessee, northern Krom 
ansas and Texas on the south, and 
(ireat Basin on the west. The 1930 
ight spread from the East-Central 
tes westward to the central valleys, ‘| 1 
the same time much of the area that Wi 
west had abundant rainfall major climatic ¢] 
1934 drought is very unusual in and that | 
respects. Seldom does a severe have mi 
begin so early in the year and fering 
ther ease of record has one at any great many 
vered such an extensive area no major perma 
was extremely dry, the Ohio Val has taken place w 
Lake region having less than one On the contrar) 
to a little more than a third of records indicate th: 
rainfall for the month. It was the Northwest is | 








a bl ‘ 
4 
4 





be expected to occur at comparatively 


ng intervals 1) to 40 years. These 
records show that quite similar periods of 
vears, with markedly deficient rainta 
covered the ten years ending with 1864 
and again the ten years ending with 
1894. About midway between these were 
i number of successive vears with eom 


vely abundant there is 


rains, and 
nothing at this time to indicate that his 
tory, in this respect, will not 
a return to another temporary 


repeat 
itsell W it] 


period, not now predictable, when much 
| will again be the order of 


neavier rains 


the day 
However, there is one feature of our 


present-day agriculture in the areas 


where rainfall is normally small, such 


that has served to In 


as the Northwest, 


tensify the damagine effects of these 


severe droughts recurring at lone-time 


intervals present case severe 


l 


dust storms have greatly aggravated the 


situation and the frequeney and inten 
sity of these unquestionably are due, 


very largely, to the comparatively large 


amount of land put under eultivation in 


recent mpared with that in 


Vears as C¢( 


previous droughty periods. The greater 
e surtace of loose. pulverized soll ex 


posed to the wind, the more frequent 


storms and 


The 


and intense will be the dust 


the more damaging the droughts 


answer to this feature of the drought 
question is, of course, more natural vege- 
tation, more lands maintained in grass, 
with not too close grazing, and fewer 
cultivated fields. In this way, and this 
only, can man do aught to prevent or 
mitigate the effects of these inevitably 


recurring droughts 
The amount of damage by drought to 


the several staple agricultural crops de 
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pends not only on lack of moist 





+ 





aiso the seaso1 n whieh the 
happens to occul Most crops 
eritical period rrowth dur 
they are affected by the weat 
Than at any ther stave a 
Thus, pastures, hay crops a 
erains, suc! as ats, reve Dal 
wheat especlally oats and sp 


require favorable weat 
and early summer, while cor 
affected in the midsummer si 


} 


ing and just following the tass 


Most droughts de 


silking stage 
summer and, consequently, cor 
frequently affected than 1 
rralns 

The 1934 drought developed 
hay, pastures and small erains 
principal crops affected so far 


drought area, oats and 


spr 


have been severely damaged ; 
are the poorest ever known, ai 

crop will be extremely short, r 
of future weather Also wh 
has deteriorated steadily, 


is now too late for help in the 


part of the wheat belt; harves 
wun already as far north as s 
Kansas. Corn still has a ¢ 


evood er p if rain 


week ot -lune bre uct ver\ 


ture to parts of the nor 


Belt, but much late-seeded 


sections still lies dormant in 


me of this writing, June 8 | 


rerminate soon to mature @ 
next fal 

J. B. K 
Chie r Climate 


if eathe) Divisi 
Weathe) Bure 


danger from frost 





